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fitu tim rtoent^  a^vwlopatixts in tbM exporlMeiital 
teohntquesy ooi^iderobXe thooretloal iatoreot hm "^^n 
0hoim to tiiQ etivly of oleotroit-atca ooXlieion problat. 
flw Smoi^o^^ of tho aolXlaioxi prooo0@«& in atoms and 
aolGOtiXes i s of great sigttifioa«3« In «naor8t«aaiBg tit© 
thaoaqr of oliaiaicaX Itlnetics ««ia about thst collialonii in 
Tfx^ analysis of oolil©ion theosy iswoivso tijo 
solution of tb® Soteaoiaitsr oqnation for tfeo ecnttoring of 
«i psrticl© 1^ n systssa of parfcicioo, Hcwevor, the eataist 
eoiution of ths Sciirodingor oquation for Kaay-oloctron 
systciSB ie not posaiiaet tfeoref or©, «re haim to la^ olDs Bcmm 
epproximatiom * 
fim oiii^ioot ie th@ first Som approxtoatioa i^bertin 
th» fi?«e ©i«e1a?on is ropro««nteA Isy a pl^ne wawt ana may b# 
fnq^ oljMl untn tn» spota of ^m iiKsidont eleotron io largo 
in oGiqporison witli tim interaotion «nerey^ Othor importanl 
«pproKi»ationa are the atoozia Bom «ppr«Kiiiation» Bom-
Qpp%iih»immf «ppra>xlaatioii» Oohknr approxi»stionjOXo»9-coupling 
approxlSfttioQ^ Taixwhteint STdansmkoir ftnA So^lnftn approziaar* 
t i o i 'and the plane wave approximation e t c . 
(2 ) 
mm of tlM ttcwt stmodiiflfiil. laathn^ fii foa? d«tioriMi3g eloeie 
«n& vml^mt cseatteriiig ftt iwaitiii and hX^ emrglm* 
M$pXic&%im» mA tests of thia i^>r<39cli9citioii in Atcolo 
«0tttt«3fitig proH^Bio iir« of ^artionlar inttrtst etfid lii^ <9rt«iiO0 
9i>io«« in e<mlyii»t to tb» nueiloair Qns^ t %Km ixib«SB&stlmm 
)}«tw»im t1l3 iii0ld«iil pms^ioX^ a»S tb« toi^tt ar« mill wa&me-' 
8tooai« fhi« ftpi^oaEinatioa emreespmiSM to a gt}ie:r«3iis«a fea» 
of 4iff£a0tim thoosry ii»S t«t&i» «x^lioit Acoount of Milti^lo 
ooOUiiiiim psmmms m mtX niii^o <»)»0« f!io ^f£niotioii 
a^:rael»atio!i ck»di«ies) tlmt ^m m&t^me^ pir^io3.o» «r« 
tKiKfiXy oonotntratoil n»mf tht f<»ira3?d ilif^tiom* 
In @i«i«^ iHP ^prmiMititm^ %h» meipXltt^^ of eof^ttoriii^ 
f^Ci) for th* ptmem in wHioli lui fttm unAoxgooe • traml* 
tion l^ roM «» initial ot«to i liitli imm fonotiim \//j|^ to a 
fiiua Atato f with imvo fui»3timi Xf/^ io giiron Igr 
( 3 ) 
mmett q, • le •• It* # & mnA &« Ijeiisg f^sptotitwij: tli» 
atoMoita &i tHft iaeidon^ ana ftoattwMi oJltotiroiiy «E»I 
n <Si ?) i0 tim p«0fiX0 ftiiiotl<i»# »4^ aa thi» ms^emQltm i t 
IB a^par^ a* tha* th© matipiioit^r of tlup ^mUvmtm^ 
ixmvQmm with tlit increaxi* tti thi^  w^fb&r af targwt 0lt<w 
thoorsr to t}m notitteriiig of «l.totr<n^ f»m emtplmi f^am 
to ^ 3 ^ t!^ oal^iaiitioii eia3»i@omb3.e mm would Iii»i7« to modifjr 
tho oomroatKm^ troataoatt 1^ makim ««»» ^lasi^loally rslomtit 
«ii {iv«« liowo«i9r» naltHjr intorootod in tho stuay of 
tho ooattoring of olootrone fjpom &bmm hovine ulngto-mOLoaoo 
•lootiFonn* 2m« nalii id»« of our i^ ^TOiOli toivaarao this pv<mjm 
i» to roplooo ttio «3r»tM of ooro olootrono 1^ oi^oropriato 
oontantO. ohasigo ditmity «Moh rwiiliiii passim throtighoat tlwi 
(Boatt^iag proe«8«» 1^ doing no «» Hami IM4O eowiid«yab3Mi 
olttjplifioatioa id tho parobXwi of tho softttorlns of oXootrons 
temt tko amxw-«l9&tvon mtrnt witltottt ittglootis^ masy oignifioant 
pliarslotti, jprooo«o in tlio •onttoifing phoaomiiui* Tim olaotio 
aoftttoring mplittido o%t«in«d ^ thio vothod io 
<4 ) 
%(t> • m r C i r ^ ^ p (rjrcUfrWfj j» 
sCl l ' 
y) ^ ) jts \\m mmtis^ p^rtiole itnarity uliioli i» tlm 
lKr«»dii0t of tli» ground utat® wsmi ftmotiom »fl!n«iXa«d to 
m^t^* aijai^ taxtSTf tlit taepx^simi tm t in ijiilastie i^^tttritif 
fiiB^^tiiae t& tills ai>pr<»(:l£iatio» is 
^•(».1)J/ (r) P ^ .I)«;j^  j^ 8^ 
utity* ll^(r|) una "Q^iT^) mm grmuia stuts and «xoit«l 
•tut* wttv* funertlQiit of tbt val«iie» •l«etif<iii* Hit i]il«K>» 
ttotian btttmMii t3Mi iaBidtni tl«otiroii •oA %tm tarutt itea 
i« spin iadopimttiit «nd th« lueolMiiigt scattering Is iMgl«ot«d« 
flMpvsf«f« tht sjila fitnotioni of tbn lnl t i« l anl filial atoKLo 
( 5 ) 
ir« lmv« fippUttd this iMthoa to tm •l«eivQ!i-li»l.li»i 
#lfl0tio «0al;t«riai i ^ ele^tron-lithluii el.«i0tie AM iii«3iaf!tio 
{ioiitt«rii^« 'Sh» xm\3Xtn mt& fwxi& to t>e in oloso iigr««tieiil 
i4th the tuniaX 0JU(UtM»f oi^ettliitiQ!! of Fnmoo i» '^lo oaiNi of 
:b«lluM atatt« Siatlos^t tlie prooiii^ spBUlt^ for li^iitMi mm 
in olooo €i@r«e»8»t with tbs 0fil.o^Atiom of tiiltoira m^ Ma s^ttr 
«t OX*- mho 111110$ the f^son ao:^ 01i£iil>fir ap^ro:Ki»atioti# fisrtli«f-
]ii33<^ i thtt amilaiAo oxporiiaeiit&l ra^tdto oro t|tiit« oloeo to 
oar ooloulatod ir^uSlti* 
Xt Goald 1m oonoiuied» tlios*@f(ix«^  that tiio »otliod 
propoood liaro io roiatHroi^r ftjyai^ o cmd ussy tio ooKily ^pliod. 
to tlio easo <^  oeattoriHB ^ i^mt!»mm ^ ooe^«K atoMO m 
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Shi stud^ r of ooUision psemwem i s nomiSii^ s «» 
eustiiTd tleM of pli^isios, Xt pftfwiAm vm with an uiid«K**» 
otmMsm of the ohoeiiefil x'oaotioiiBt eoUiDioii $gpmmBm in 
astropiisrsieSf aii£l vmimm othtr iti^ortant aspsete in pXmeiA 
ph9ttic«» Xn vi€iw of tlm is^ortatiee of this 8uh;|oot i^ o imm 
0%itAi«d in thio tlittsis the oleotsfon-atcti noatterif^ %gr 
a sii^^fiod Glauhw taodaX* 
Ohi^ pt^ r X of th9 thesio giima m hriof historic^ 
i?<tvi0« of tho dXm^ ts^ on scnttorii^ etudiiK} a»A eo^liaami 
with an outlino of tho j^resem iforle* fhn 'various o^prtmiam* 
tionn nooA in tht fioatterii^ theory too tsriofX? di^cntood in 
Ohmitov XX* Xn Ohoptm^ XXX a dotnilod aeoonat of tht &l«Bh»r 
aeoltiplo i3onttQ3?ii:^  theory i s i^irwti til<^ ^ t h OCXM of i t s 
fi^Xioationo* 
Ohaptov X? doaXB with SOMO aii^Ufioatitmii intirodueoA 
tgr ns in tho axen^ btr theorir to otuOy th» oonttoring Igr 
OMplax nt«Mi» xn Chapter • «• hm^ i^ l i ed tho siaipXifiea 
Glaa^or theoity to «Xoctron-h«Xiw oXaBtio seattering and 
«X«otvoft|Xithitai aXafitie anA intXaatio seattoiri]^ a»A tha 
raaaXta mm diaeuaaaA in dataiX* fha Xaat ohai^ tar givaa a 
IV 
taptef Gonalneion of tht mafkm K 31st of r«f^ a^oiioes In 
gi'Tsu ill thft «iil of tlie ^idois* 
inltrtiit in mi& mm^, t m HIIIQ m^mmtsf grattfia to Z^ « 
mm Me$m ^"im mmm$i «^ %}m iweimti^titmm 1£ims3m mm lOfto 
dm tn Brof<m8or Itftlit 4lm»d am Brof««»«»? X* i« %• IQiBa for 
ttiiiUf le^ ad |iili3?«s% in thi& «K)«k nad fisr T^emi^m ^ ^ fmoi* 
liM«« of tin 4^p«nMiiiil« S iii 8i2is«i:»l9r tlmiiaifiil t& llr#S*l« 
Siil4i f 03r his mm»»9&u^iii!^ 0mim W »mmmih* 
t «|j30 htsm sr^ttl i^ px^»oi&tid!t fme Wse^mem S«t*Xti«rt 
f<»> nistaix 6ii»&melmm» mmss&m mm iiliio iix» to lkr« !!• R* *^ 
ililtiHNi for Dent tmtpivSl oaMaeme m ^lis ««»^» 
X m 93^9 gaMtvfitl to 33r* mm 8« l9)tMi» llip« ta»i 
Sii&^i »!«»» HlldMit l«s«i ttfli lir« 8iKr«ar AU X3ii» fur timiat 
iMOyful, sfifigMtioai* 
XbiialeB nart «3UK) ant to ^MI ataff of idm QmipasMms 
OowtrOy AMSiSli JKioXlii mni^ovoilf f«r «biir ttfiiiotoiKNi in tlii 
Oii^piittitioiittl nork ubioh imo 4kmm on tho IW II90 C<Mipixi«r» 
X woiOA ilJio Xilfit to tliAidc oXi tlM MMlMro of thi Spootrooeoif' 
VI 
X ham ^ ©pocitti ^y^ of ^atittsda to siy parontSt 
|)ro6h@^ wa& aiMtmm «ho8« eofiotaisti eaoouarcigesioiit audi 
long ismaited imtioxi0O lod to t!io eGe^oti<m of tM8 «^rle* 
fhMlB i3?o daiso duo to Mr* M« §hi&^ fiHEilar for t!i» 
oftioioin t ^ i n g of ^^ 10 mistisosrii^* 
fiaaplly 1 €p?fit<Kfiai^  €telc!30»3.oago tlio fIjooi^iol 
^»iot^3oo ipi^ o t^oA Isr tHo Cmi^ xsil of Soieatific i^d 
Iiili»itorioi Eootiiseo i^ flm 3)tlM« 
mmmn m 
Qmstm I tsmwmnm i 
I f f OOlltcill. 
1«f iDi Ou^llai of ttm sy«s«iit Vark 
2«4 Sioliitngtt @o«lttriisg 
2*7 0l!l93f JlppriJKiStfttitiRMI 
OfEAffKt 5 fOS tliilfBil f B l ^ l 35 
5*4 iKtonslfn of aiamlD r^ 1 i^9oz7 to f ld t r 
OBAHIK 
wmm FOR mmmm-GmmR mm mimmvm m 
4*1 imrodUDficm 
4*5 Xi»laitl0 3cA%t«i?liig 
4*4 Elm^ton-Umi^lm Mm BismUmim 
cnmtm $ tm^hiomim QB fas Bmmmim ^umm 
mmm* to mmmm-mm musfmim 
5«1*S Ettdttlts m& MB&mBims, 
&Q> 
Qmnm 
EMJBt^ fOaS 
Qcmsmmm tor 
111 
CHAPfM 1 
twsmwmtim 
Sii3O0 tho iSiocoiTscney of tho olootron at tim closo of 
the nlisotiKiiith ooatusy* the o t u ^ tjif ©loctroa-atixs ooXXiBioao 
uaAerstanaititi of OtKuittts n&Qhtmim txad IHQ appXleatlom to 
tsmi^'heSi^ Gsmttsm^ Tm Tomotm for m»sh olai^o® l io tuaQiooOl^  
t» ttm ii^onmtion t%»^ funilsb <al»ou$ Wm tntmxmtlmB of ttm 
oolliaiag pwtiol^s oaa atbmil t!io waetioa pxfmmtB they 
A k«o®ioag@ of collioion prooosoeo in atocas cuaa noXo-
011^ 08 iB of hmUt imp&ttom® l a tli© ui^orstaniiae; of rmja^ 
f loMs &mh, m tlio thoorio^ of elioaioaX kluoticti tm& qxmniivm 
uXootrodyimmiee* Zit ths imt £mi y^mm tter© haa tmen a 
sroviiml oif i»toro8t in mxtar&mmljmx atmic ooXlioioii phonoraonon 
pojrtlsr 1}oeauie» of i t s app!U.o t^ioiK) in ploseia pli;78ico and 
mstro^iysios* 
tritli tiMi reoont »ftiraiti»o« in t ^ oscporiisontal toohniqueo, 
oon8ia«rabX« tliooretioal inlsoros'l hm beozi nhmm to tim 
ei^otroa-atoM oollisioa pi^obI«i« Tho nnalsroio of ooliiaioa 
thoory iim>l<f«ia tho solution of th& Schrodincjior oquatloa for 
tho m^attttria^ of m pnrtlolo txy a oytitso of particles* Siaoo 
^im integroX &xp3mm&xmi for tlie 0cattm:>lt^ i»spXittid« 
»N|i»ir@e th0 «imluati<m of the mmt mem f timtioii axA 
thfoim torn no Gt»a3 i^o or olssplo nmerical eolittl(»)@ fcir tho 
&aE^ 'l»odi7 imvo eqtiatioiif mi mmt itmfxet to nam fipproxiiB»» 
tiom* 
III tli» fioxa of low-^mr^ atomic phgfeioa <i«0* fajr 
lnoidont el<iot3foii tn^gieci belotr t ^ ioalsatifm thre8hoM)» 
t!ie qtumtisi neoltaiiiafii prlimipl^B oam issuaUy ossuaed to hB 
fiOlar tmtlo^taod* Shorts h^ vo bison coia^imtmm att^spts to 
bring mej^m^im&n^ol itM tboorotlaol, roniato into oiooor 
o^xommnt* Bit tho 3.o«f @nore3r ^proxiisatioi^ tonA to foi l 
in the rango /^ ICX) $if ^iMMh im th@ onsro^ r mngo <Kf 
gront^ot Int^rost in the mioxt»8o<^c appxfoao!! to iHm atua^ r of 
Itot 00808 (stoXiar ati!»Mph03rQ8» piMmm& «to»)» 
the inforoiKlion oSbottt t}i@ intoraotioas eoone tho 
colliding particlos m& about th0 reootionis tlMi^ r f^norate 
Mi3r usually bo obtained nmm vntAlly at hii^ lwr on&rgios* In 
tho tbioorotioal iinaly»i0t ^^ otuiSy of low onorcf oolliaioas 
ovOiaorily t«IXa us onXy a otrtain BOOOUXV of tho otrtngth 
t>'f "Hit int«sr«etion« At b i ^ «n»i«si«8« ea tbo othor hoxAf ttm 
shavtmt wten XosKStb of tho iaoiAont parlioXM maimB thKB 
sonviti-vt to<iXff for psfobing tbo x«cion of int«riiotion» 
la vi«w «f -^ 10 «i<l« iiiy^ ixrtAiico of atioii studios «s bairs 
4 
uiid«rta!otii ift thi0 thmio to de^mlop a staple fonsmlatioa 
for tim eXeotron-aton soatt@riiig prol^ lM mim th(^  dlmxbes^  
iiod9l» HfTtrar^ sNTf 'mt&tm amerlhim:, tli& pswtoat nrork W9 shslX 
m3evQ.t9 brlofXjr th© hlotorioaS. dowloperoat of thlo siib^eot, 
^ ^ aub^dct of tlio oeatterinc or coXllalon botweoa 
par$iel@8 i s a 'vory ntAci om« A coiKiMoratAe anouiit of 
mmk tm ttm ©ubjoct lias %eea dotio froo the borJ-zmlas H'U, 
tlm ciMaie of the t./sntioth ooattary. 
A umber of processes may ocotir froo tll0 
onoomttor of an oloctron hetm tirith atom &ad laolooiiXos i s 
gfi/mom t^iasit. Tiiose imsr be aistinBuisiied as 9laatio» 
inoiimtic tmA svtpm: olaatio m radiati^®* But bfiro wo ciro 
MttiiOy intiHKistod in t!io olaotio and inolastio procosaoo, i t 
•hall try in ttm fouoivine to m^ &, brief sunmy of thooo 
doirolopM»ate in tim collision ttteosy* 
Zn tho boglimixii; of tbo tifsntiotli oontaryt Bobr Ct9l9) 
d»wiop«a • thooxy of the stoppii^g power of aateriale for 
f«Bt purtieioa in toniB of «n iapulu* ^proxination whieli 
ytgoaed* the coXiision us prodoois^ ouddon transfer of energy 
aaA ttOMmtm to the atooio eXeotronii* fhas* the BeHaat theory 
Aii&««A gav« tlui geneiral, stxucture of exmn seotlon fonniliift 
ecxnrwetSjr Imt oertai!! ^ynenieal detail® renaiaod * *i;»2keiM>» 
ntnologiisal* * «y3 W0 Vmtmiti&sX foxwiX^tioa^ nmre not well 
a«VttXop9S at ttsat tin»» 
ilt ^ i ^ isrpaot 0iie3?gief) tho mttsk oo^Xiac! approxioattona 
i£r9 c^»pro|^ iate# Ttm mmt widdS^ r studied (^ ttm vnmk eoii^liiic 
ai)pro3da»tlon6 b»a hma r i ^ a %sr Bosm (1926% %^2$\i) flhim. Is 
betsiidi on tim &SBwaptimi that at i^i^ i»pa&t eoercrios th0 
inQldo^ pfsrtielefi vtiXX he oiily ©lightly affected ts^  the 
scattoriisc; eeiitro. ?hle ai^roxloatioa io valid ftooa the ©peed 
laf the in&ldeiit particle io l?a^e la eoapariooii to that of 
the GXootroas la the target atoe* Oo»ee(|t»eit^ Lr this annroacl-
ttati<m hoa beea exteiBiitmly need t?y eeveml li»?o0tigr»tors to 
oalculate the eloetie and inelantie soatteriniT crosa^ 3ec,tioii3« 
flitet Bovn app3ro3Clisatloii ie oHaiixid when the untjarttirhed 
Miv» funotioii of the e3retei3 ie euhetltuted for the pert^ arhed 
weire funstien eaovam^ in the exptieenion for iSm direct 
ecatterins si^plitude, f he ^mlidity a£ the Born i^praxiBatioa 
htm heen teeted hgr tipipW-m i t to the scattering of eleotroae 
1^ heUm at€» (Uaeeear end Bux^ op^  19^)« HeOarroU (1957) 
and Be|d i%959) have carried out theoretieal oalcnlatione for 
a mnber of traneitione in the atonie hsrebro^ n mim the firet 
Bom approxiaation* A partial w&ve analyeia has heen oarried 
out tcof im '^ Qm moA Is ^ 3» aaooitatione (Batee and 
6 
llUitollSrt 19^) mA tlm 1» «» % eaccitatioa (fakmht^int 
1961} of D d^rogoa txtoEmm Xt tse^ be tmted that in ttu> 
p!(srHi£l w&m wm^ii^§ & laxgo fitmber of plxmo shift t#xa9 
1IKV9 to be ccispttttd ^ solving ocnplloatod iiit0£*ro^iff»-
xuntial o<|mtio»@ ia 03?a<a* to got ©itffioieiitly correct 
imXU0f» of difforootioX oi^ oso e^otlmie ot higti oziesrcioQ* 
f hoo^ «<»o oiapiif ioation ia tim oo^utation of hi^ h^or 
order pbaao ehifte eaa^  bo obtained on roplooii^ tbe inte-TO« 
^ttev^tM&X OQHation Igf tlio Boam-foisnuSa of piamo ohifte 
for |»otontiaI oosttt^rinst ^ot tlio partial msm cietliod does 
i^t oe^ m to bo '^xy eo^wtenlent oven in the intez»ediato 
onoxiBi^ r xrai^ o* tn foot M l s ^ and Colitisins^  (%%$} im& to 
oofl0id€nr in the fonvard dis^ootion m weaxy m 10051 pfurtiol 
mimn f<a? e* - Ho eiootic aontterim; in the 100 »400 eV 
3?ang9 in order to oohieiro n rea&onablo o^iemmsrist with the 
^Eperiisontnl veou^te* For oiootron-heliin jsontterii^i Kimre 
nad Koieeivitseh (1969) a»l I^ oBahn and Qaii0i»i3r (1969) have 
obtained n oonsidemblo $npr&^maont in the ogreeetont of the 
theoretioiU. differentioi oro@o*<3eotioz» with the ex^rieient 
for low aenttering na^ floOf wa& itp to hi|^ ei»>iigh incident 
eieotrim eneitsies < /y 400 eV) ehen the poXeriaatitm effoots 
ere inoXnded* 
fhe first Bom epproxiwition negleete oenpXihg to a l l 
states oth«r '»isn the in i t i s l and fi i^i states of an atonie 
7 
tanneitioay while tUd udocma Bom «i>p]n}3ci»atio» elXoMO the 
ooc^ jLJlng to athmf etat«s m w&Ut inoludii^ mm inltickl 
mA ttrnH 8tiit^« the ^^oiiai Born Q|)ps^diiiiti<m iix^Iims 
mi itifitilte swraation over th^ ^mrotn 9Si& the oontiimotio 
states of the tuxget* A oln^lifieatlon hsm h#eii introduced 
to obtalti th0 infinite mis l^ ovalnatitif^ the ilwt fern 
Btutm mrasstiy ana oiipeoidiaatlB^ th» rest \if '^m oHLcrnxm 
propert^ r of the t3Xg^ (tloXt anft Moloeiwitoohf 196d>* fh» 
®lnplifi<id soeoaa Bofit @^ i^?03eimi&tii»ii i® quit® c i^naeeahlo in 
th» iatoniddiato unft th@ high energy romros a& oospareS to 
the partial tmve etothc^* 
A 0tiXl 6li!Q>ler c^ ps?o3Cls!)atioii iihich m^ he ueod at 
eoaemte m mtV. m at hir^ eherglee |@ the JDethe n r^oaclitM^ 
tie» (Bethdt f^ K>)« Ii^  the oae© of ^ti^aU^ allovied trails 
eltioas thie Aj^ proKisiatioii replaxtes %fm mxtvix eiestnt Y^ »^ 
oo{i|pIiiig the iaitlQl 6t<ite 1 to the finol atate »• hy i t s 
MTaptotlo fowl for large radial dlotaneee. A laore elat>orat« 
weak e«u{>liiie epproianatioii in i^ **ai8toa?ted** w&fe 
epparofXlMitioii. In the eeooad Bom i^ )proaei»ati(m partial 
aUomniee for the effeot of eistortioii hae heen tteed* But la 
the Aiatovtad wave ai^ ]pro3daatio!i fal l aUowaaoe for the 
diatortion of the incidaitt a»d eoattered electron ivavwi oan 
%e aohieved. fhe nee of thia approxlBatioii generally leads to 
an inoreaee in the axeitation oroee^^eotion c/v9r and ahova 
thftt slmn W tilt flarot Bom apprcnclBatioii. fht «arlie8t 
mvm p&st<mim$. ^ ^mkixm and liaoiwy (19$2>« 
f)Ks if*@ak <so%li,T^ mpnmixmticm diooiissea ao far 
do not teSm acooiint of tlie i^ EttOi-exoiusicm prinolple ana 
thiia n^leot Um voXm 0f ol90tx%m ©istslsimst* Bssshai^ io 0ff<ieto 
in »catt«rit^ v:?ii7e first pointisA mx^ 1^ OppetfbeiisQr (1923)* 
9hA Bt»ni.O|>poD(b0|]a83r aipproxtontiont nMoh lilse the firet 
Borti i^proxiimtioii is»psmmejit& ^m tr^e olfiotrai by ptmm 
imimOi i s ittvsatiofoetox? eime i t gives rise to @x0itatioa 
07030 awtionp ^il^h {i3?# urooo ovtir ootiisatiie at lo^ ondi 
motorately hicto ii^ ^«ot oaorrioc for tlie CODS of e-o 
tJnuiBitione* OalonXationo of ttm Bom-Opponheieiei* oroos sootioitA 
bsim \mmn ^vtosamd t^ r mmsst workitns (Moieoivfitaolif 1963; mi» 
1960| Boll. 196§)« fhe fftiliitB of the B»0 approxisiition io Qvm 
to thA aegXoot of oortain textas of tli@ first order ia tl» 
intovaotioa OHOTE^  b6tii«®!i ttur froe oXeotrcm azia the atcn* Zf 
th»8« t«ziiB ore retainad* am orrives at the firfst-*ord9r 
«iD0hsi]g9 ai^roxiaatioa ifmtHimm* 1^2)* Another anproach 
to ^i» p9roM«M of ofvarooniii^  '^ IM dofioionoieo of the Bom-
OppealMiiMer epproacjUwitioii i s atie to Oohkur (1964)» nhioh ie 
eivmn ae the eipAiMiioA «f the exohange soatterii^ ee^IittiiAe 
ohtftined froii the lem-OppeDheiner approxiuation in pewere 
of IcJ^  t «AMM»e k| i s the INKV» mm\mT of the iiaoiaent 
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•l«otroii9 ana retaiiili^ oal7 ^^ l^adin^ texa of or&mt 
1^^ « l^i» Ooli^ ar appr^KlnatioB hem 'ismn applied hst 
Differential aM total croso eectioao for th© elastic 
ooattering of eliK t^roa© br helina estate are olstialned in 
tlm pXaaa mem ^jproadiiatioa Isy iCIiaro and Oholtoi <t97i a>« 
f Ma ^proadiaatiosi iaslii^ea aH tho paxtial vrav^ o &aA %tm 
ajmeesie aiatertion of t ^ t^xcat atom ie imludad in tho 
tmm of a/diabatle assA imiMsdUkhatlo potontiislii but the 
diatastiott of tho ttm oleetron lo oa^letely aecleetca^ 
tlia contribution of exohaaoo is incluaod Is^  msplo^tm tJ*o 
Ooli&ixr (1964) 8|)prosi!3atioit« Piano wavf» appsfoxisiatioa Ilea 
Isoaa esployad to eaioulata tho total eroaa aactio» for th# 
alodtio eoatteri!^ of tlJo aleotroaa l»y the h r^droges atcsa* 
(Khare and Shol^ ia 19f1!>)« A naibor of thaoratical oaloular* 
tione for (Uffereatial oroeo aeotiona aaft total oroso seotione 
for tr<mn alaatio aoattai^iig haw haoa ooKTied out (^s^on and 
Jo«Bhaiik» 19rr?| 19741 WHitaya at al«» I973). 
Xa ttMQf inataaoM ^la oot^^ng betaaan the initial moA 
Hm3L atatea of tha taargat at<» m^^ %a faiirly weak lAiila tha 
eoi^^ng af initial or final atata to certain other atat^ 
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of tbt atdi mesy l» atsroag* fosr 93ciii^ X»f Is «* 2e mxoiAm-^ 
tltm of tiMi dtcnlc t^ fiSifQgeii fcB* t^eli tht o^^liit^c ^twita 
tbt Itt ana 28 atad^ i s neolfc edthoit^ tho eoi^Htig <^ 
^19 29 8tato to tiw ago statoo wltli n ^ a i s vexsr 
(itr<«ig# Slw strong oom>Hng of 8s ^ up otates |y§ 
i^ x^ ootoa to hm$i mi Smp&ettm^ offoot t^oa the le «<• 28 
escoitatioiw For otioh em&o tim nt^-t omtXnf^t&ry oppximsh 
to to p«fom an oxaot solutioii of tint ooii^ Xod intofpfo-
4li£fd7o»tiia oiuttiow! ootsnootiag tDo initial mA final 
atatiKi with tl» noot to^ortaat othor etaton of ttm tansnt 
atoBtt ?$io mmt ricoanms cpproadisatioa for t ^ »oltttioa of 
otioli a aot of oou^led o<|i;i^ iono i@ the ^oloaoMOotipling* 
^proaoh (Biarko anA S^th» 1962>» ?lio calculatiom of 
BranoAan anA tfcEea (1956}« in viliicli aseclianga mm nsf l^eotadf 
wmm ttioa OKtoMod isy aaitli ot al« Cf © 0^) to inoltiaa a l l 
tha partial memB nakinf* a aignifioasit contrilMition to tho 
total Is -• 2s oxoitation croBB oootion for oloctron ii^ Miot 
aaeaegiao \^ to 5i o7* 
tinalljpt «a «oul& like to Miatioa tho dlaiuibor approxi** 
nation <01«at)«v, 1959} nMoli i s i^^plicabla at hig!i ansx^iss 
aadl i s sxpsotsdi to ba iBOSt miaful in tlia anoargar dooain for 
wMoh tbs f imt Boom i^ ?j>roicisation i s insocurats anA datailsd 
l»iias« sliift analysss tarn too laborious* fho aaia eoatrilutions 
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to the Bttifliy of oleetron-citcM soattftrla^ xmlm th» Qlmnher 
tHeoiey haw b®«ii moflQ 1^ Franco Cl96St I97<» t9'?5)t Tlwjaas 
oaA Chtm (1973)* Tat et al* (1970), ahoeh ot al« <t970), 
Hathnr «t alk (lOTIf f972)» latox® <1975)« !a?ipathl «t ai^ 
(t9?5>» Oliiia and Chsa (1S^4a)» U«isits th® aiciaibor mtXti^lo-
acatteriafj tJimjry Tates and !?«aa^ (1972a) hm» ronortod 
an analgia of doubXe-oeattoring effects in the oolUsions 
of fa^t olootrono witli diatonlo aoleooloa. latoe (197^) Imd 
also appUaS tha rsnltiiilo ©catt^-ic^ tht03?y to th® coso of 
pol^toialo eioleca3L@ti» $!»» eKOhanciQ c^pUtuaa hm boea 
oi^oulatefl ia tbo &3.«II>OT arproKteatioa l^ ^flan (19?5)# 
^tllo tlicso thaorotlcaX So-^loiiiaonts wore ta&tnc place, 
oieporiQoatal iaveotleatlotio woro also extonoi-valy carried 
oat by ama^ irartera, 
Qttantitativa eli^olttta eonaarononts of total oollialoii 
esfoas aoetioaB aa a fumtloa of ali^tron-ifolooity could 
anally ba tjraood baok to tim dov«li^«aii6 of Uammmit^B 
(1921 At 19S1b} aotbcsd. In a pz^Uaiaary im^tigatioa in 
1921 about tho frm paths of olactrona of v&e^ low mtmvgy 
(0«79 to 1«1 «T) in varioiui m/^m^ lUmsauar fousd tha f^ roa 
paths of thaea alaetroaa in az^ goa to bo irory auch greatav' 
than tnat calculatad froa gaa-kinatio theory* 
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ll4ia)Bur6iie!ttfi ^ thu toted (or intagrated) cross 
sections for th« ©xoitation of a diB«r«t© 3.9iaii2.t or for 
ioislsation of differont momp mire aieo s^® lay different 
w^^ lc^ rs 8iiiD4i 1950*s but tho rosults otiXl ronain ^uito 
DiaMSttoaa and imoaoistent. 
illtlioagH tlnfl^  potontieO. wto of atoiaie hemm la th« 
otiady of atoesio oollisions WBB rooo^ni^ed oarlyf and in famt 
memml lsuorta»t boa®«*gQ0 oa^orlaoato wuro p@3?f «a»«d in 
%m>*9 mA 194O'0, i t fi£iB isot until tlio nid«fiftimi that 
ospoi^teents usisis crosoed hmea toohniqtioo firero ouoeooofully 
norfonaed. Pit© and Bracte^m (1958)^ Bo^ luid Orcoa <191B) 
porf ojcBwl n sorieo of oXoctron ooattc^ Pinct eatporiEiaiits uoine 
oro8S0d boan toolmittt©# fim prinoipaX advautag® of emsh 
mipmtS£miB6i&X tmtmiqm& %n ioaiaatiois sttidios is the foot 
thmt th«y Ofiii bo a^Xiod to olteoicmXX? utBtabXo atciaio onA 
isoX«o»Xar oj^t^as tm ^mXl m to &^tmm €?Moli are ciiaaicalljr 
stal»X«* 
A lUBbor of esqporlmiiitaX liwontiifatioiio ha'm b«e» 
oorriod out in the i!it«i»MMli«t« ond high omr^ sy rangoa for 
tilt origuXair distribution of uXootrone whiah hm9 boon oXanti"-
oaXXy soattorod by variouo atoiaio and eoXeouXar systeos* 
BuXXord and Iteaaay (1951 )t Hm^ hvo and He^XXtn (1952>t trians 
at oX, (196S), ChmborXain at aX« (1969, 19ro), BroMbarg (1969> 
1-. 
md WHHmm (t969) eeseritA out «ep«ria9iitail iiwestigntiomi 
of the CiSkifmmrMaX croon Bm%imm f<fs %h» elastic 
seatteriiv^ of oSLoctSfons '^ luilluM atoiao over a «rid« vm^ 
of oleotron iiapaot &!Mirglod« Eooostl^ r Kuropa onA Vliskovi c 
dWi) )mim also etuiiiod tlie ^$x olostio Aiff«n»2itijil oroas 
soetiosm* She ia»a0iiragio)it of total eroifo soetioni for tli» 
©oattorii^ <Kt low oaer^ olootrouB tor lithimat »odit» ana 
potiif)oiitii w&m ®s0» y$ forel ot i^» (1962) tmim mtoaio t»oa« 
roooil t0Oliiil4ae« 
id%m golKic thr«Hit*:h tlioso iit9@otl£^tloiio It In apparoat 
tliat aXtlion^ a aorie© i^ 03^ @rJb^ iit» havo ^mk pmfmmi^ t^ 
aifforojst workorot »tllX thoir roetilto do not tall^ maiam 
oaoh otiier Suo to oxporinentol tuieortainiti^ in(irol<vod %n 
tmsmtmlm '^^ varioti@ paraiadtonr ro^tiiroa ttf» iSkm dttomliMitloii 
of croea oootiom etc# 
•^?« m wung jpf i^w m?fli Jf»n» 
In titt OXaubor tlioory tlit oxprosoioa tat tho soAttoriag 
(l^^litudo involvoii qttito o<inDltoiit«a matidlnotiiioiiiil lat^grvl* 
9nmm for tit* siii^oitt o«oo of iMf soatt^^'liig tfie 
diroot appllOAtion of (HMX^T thooxy f{iir«a a fivo-diaeniioiiil 
intOiMtl* tittllttrXjr for an atOM coRtainlns % olootroxiOt tlui 
OlmtlMnr foaoMOa will involvo (5^ • 2)«>di»«iwioiMa intoiral* 
li ^  
Thm wHM&a m r«ilabl# »i«j» of rtduoifiig the a»»oclatea 
f<sseeat3& le ie«ssseg@ablQ for ^le Qolllsicms <xf Qlj&Qts^&m f?itli 
X» tho p£«ndiil dissertatimi ^m put imsms^ m nethaS 
ilk «hieh omo n$ss^%i£iGtkti.mp htm hmn pvopm^ to 13m 
BtBMesc^ Qlm&mT c@kloidatioii whsn em^hm atons are iivmiirM* 
fkm miin Idea of our appro^h towards tb%s p»oW.m& i0 to 
ropJjjoo tha GjjPistG© <^  coi?e «Xeoti*om} Ijy ^proprlato oentral 
oToBSPgfi density «fhich r^ eiaaiao iptiiiait?td throti^ hout tho soattirrii^ 
ptmm&* 1^ <^0%m ^o ^^ 3^11^  i!iti»odtK e^fi e&mi&&vmWi^ Bimpllfl^ 
cation in tarn peoWj&m of tim @oattorii!^ of oleotroae from the 
oonplox utoeiB without n^glootiiig an^ olgnificniit pharslc^ 
a0peot3 in th3 ocatt^rii^ phoiiGiioifioiiy fha (3z •> 2) * dliiotiiiosia]. 
iatognil fcse litm soattoviiig asplitodo for 2>^Xootroii ateoB can 
Ix) iTodticod to a sis^lo tifO^dia i^iaioniiX inloipml whioh oan h* 
ftnrthia' i*oduood to mii-diiitiioioaal* We hafo am>Iiod this eiothod 
euoQoesfiill^ to th» oaoo of oXantio "^m ana '^£d sc&tt«rii«« 
Our ara0ulto of olootron-hexiiai ola@tio soattoving iiro in fair 
aocoivd with Vranco's (I9f0) Kaaulta and alao with tim a r^ailahXt 
«3Cpari»9tital data* Also «a hava saaa that tha raaulta of 
aXaetroa-lithiun elaatio aoattaring ara eoaaiatent with that 
obtained h:r tha froaan cava n^proxiaatioa (Itetlsir at ai«t 1971) 
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eoattering ivhioli has boen ai^Hoft for tho eolliaionfi of 
oleotrons nlth 0 i i ^ i»i3l&noo oI.eetro2i e^t^rao, Xti thie eKidel 
a oincilo eleotroQ (l»ii« the outssso^t electxtm) in osstmod to 
psrlieipatft in a traiieiti<»i* io s&paratQ i t s a^im' fonotioii 
tron tint of tho taaamiag oli>otx*o]|»« flm vmaHaiim ^tootTotm 
!,,«« tho60 in olosod sh&U^ pXoy no «ictii;Q vdiM in th0 
tsronifition* For tmtim t^ irolS^t^ of the tlmtxe^ vm haw 
oaloiiXatod th@ total inoio^tio oross^seotioa of twdy Ss -• Sp 
x^aomnoe tinsnsition* Xt hm Imon eiso^n that th© voo^to of 
ot^ if Qa3,ovla^imm oam in gooS aiproooont with the eseporitaonta* 
l^ os*oovort thQ3r XGQ& U9 to a t^ easaaabi^ r eooi doooription of th» 
TGBtnuxmm tr^noitiot^ in I4« 
FinaXisr wo olso aiaggoot that our foxsaaiationB oro 
voiatiimlsr siiq^e tmH m^ bo Oi^iisr ^plioS to tho oaso of 
tlootron-e<stplox aton soattoring* 
16 
owmm tt 
1 7 
In pm last tifo deeail«id» th0m hetm bdoii 0r«at 
at^Xi^potnts in '^ i® tl»ior@tioaX fieM of atosilo CBat«o» I962| 
19651 UolmivOMcH mA Utntm^ im9$ imlaitu tm$ Kbmm mA 
miBmltmh^ 19651 dr^minsldf 1^9) m& moHmulmf (Khoref 1970| 
Xfiolatti mn WL'^tSMt 1969$ UM. m& Sutthy 1973) coaileiom 
ncpely thio f mssulaticms of the @tt»enil tlioodPios of ocattering 
iditli thoir nsaiy ••tsclmioal Q»peet»»' alone ultli ttm oaqriorlBieistal 
8l»3 l^08 Cllede»»oit ana Eioffer* 19^1| BrcM^ ka^ oa «t aX«t 19^1 
Kattppild @t al.»f 19?0| BGr«3. ®t ia*« i%2$ l!^<m\i&rg» %%9t 
Mm®m «% Hi., 197?) l a mmtem mA atoiaio eolXleions* Ttm 
imlldity of o particular ciodoX or titeorsr QmM be i»iBQ«»rtaiiMd 
only %gr Goi^ iariiiiE the onloul^ited raaulta with tlie a^ rndlftbl® 
«aepori»entai data* At proseitt ttm eituation tt&B^immB to tNi 
miry nnsortain and a ge^at d«al of effort botli thaorotioal a»d 
•3tp«ri»ftiitQi nmAsi to 1>e pm in oo i^ to atttiia a l)«tt«r «na«p-
etaadiag of tha sabjeot* 
fim aoattcria^ orosa avoticm 6mvritms ^ualitativaly 
IS 
the af^ iOiir distril^tlloit ot p&ttiQlm ecattov^d \^ m fjbrad 
ema^jR of force os? \^ other pairtlcleo* If w eonsilder Vm 
bflobaraBont of a group of n partloXes oar ecattitrli^ 
coati»es with d par^llal. flux of n i^artiol^ pm unit aroa 
l»sr unit titasf then the mmitmT of iaoidoat partioXotiy that 
mmjem P^ ^ «»%lt tieio la a aAall solid anglo ac^ ) o@itt»o?ed 
about a air^etion that haa polar anglso B ana ^ with 
reopaot to tho fecxabardiag dirootion m pol^ oado. Is 
oH CT" <0, $) acj, 
«!horsi<s~(0,f) is eolloa tho aifforontial ®oattori«^ ©ross-
oa^tios m& hm tim ^Imsmlon of aroa* Xn toxBo of ©cattorizig 
siB l^ittia# f (09 )^« i t oaa he sTrittoa ao 
2 
cJ-C0t • ) • |fC0» • ) ! . (2.1) 
tha total iMihor of partioloa oaattaroA par BmtmH fron aa 
iaoidoni bean of unit flux aaiwity ia Aafinod to ha 1 ^ total 
orosa seotioa eaoA i» gi-vaa hgr 
Q • / /c5-(©, •) aia» do d#. (2,2) 
a a 
tha differantial eeattariag orom ••otion^~-(3f ^) in tht 
c«nir!e-of aass co**Qrdiiiata sy«twt can ht fouaA tttm tha 
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•if^ SfMptetJUs tmm of tiMi solution of echroiaingeir wave 
«titatioit (SoMff* I9id) 
t^V \f/ -^ ffrnM-^, (2.3) 
iHileh ooiiM bo wsittoit as 
'\I/ (!?•©»•) "—^ » -»- If £(©••)« , 
I'^'wiMft 
(2.4) 
, 2 2 
Sill I t i o Oiffioult to isol'im mm mmi &qtmM,&& exaatly so 
tno imiBt look £{»? »mm appiNixIniito nothodii* 
Ozss of ouoli siothodo $» tho pertiirt»ation ^i|^oo0h in 
ivhieli w9 m^tanS, y ^ { t } in a oerioo in pmmm of a dieMin* 
iiioiaess paraMOter 7\ ^ 
\lr(v} m-xp (?)*?\A//- d) 4^?\Y C) 
i^ MHe« ?\ io ft wmtmam of ttio •trongth of tim soattoriing 
potonfeiftl* VlMi ftorothy first* oooondp otG« poivors of ?\ 
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emreapoBA to tim serot&t fixate 8eo6}ia«*««#«to* ogrd@ar» of 
fhs Betmo^tim^ eqtmtioia (2,3) ooii 1»e writt«it in 
tmsm 0^ y\ (m msA ( i^satra 1962) as 
^I0»a t i f f ) » & lV / : ^^ . 
©a pirttjU^ (a.5) lit <2»#) ana o«nKitiag qoantitios of ttm 
emm ocrdeif« i^ obtain 
2 Z (o) 
(V 4 - l e ) y • ? \ | l ( ? ) y \ (2.8) 
Vi^  oMaiiif tiserefox«« a »2^t«n of on infitiitt imaibiiT of eacsot 
y / (5) • « , (2*to) 
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fo tl3« tixBt fsrdttr appraacltatftti«m we fMoXn from tbe 
iidsau^oiieoi;^ } Mtform^iBX equation (S«6>9 
I r * r I 
0(? )© ^ < 
ik«ap 
9 -> \ |a ( i e , r» ) »(?»> 
th9 eget»i& OdTdsx* appr^isistioii eau be obtained iram 
•Qtiation (2,11) firoiB tho IvSamm^mysmm equation (2*9) where 
^ * ' in known: 
\// ^ G) m -9||off,?») tr<?«>V/' * ffo ^» 
2 
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ItmtQtA of wsx^m ^th. ttm aystfln of differeixtljil •quati^ioi 
(2*7)• i2^B)r-m nay aS^o «t»rt with tho integna etucdicai 
4ii 
0ff«) 
tliei*0l3Qr obtciiaiiics 1 ^ @si»» TOQuXt an in (2«ff )• 1^ sulmtltii* 
ting tto© flrot <s?d©if ciointifin y/-^*' iafco \ / / in ti^ 
intogmnAf ^m otitoln tlie saoond ^mi aptprooKtoatlon (2*t2). 
Snoli ealQiOaticHi^  haw miS^ Isdeii oane>l@d out fiir « fiow 
pot«ntia3i8 as esHqiiXoxity im^iemm^ tmr hitjtmr osc&mf ealoulmtioiiSi 
Xa tbtt fallowing v@ shall briofly di^ ouBS AOM of tho 
AppiTOKiHatioii Mtthods iisad for alaetron-a'IcB eollisionii in 
nhioh If* ai?« nainly inl»v««t«d* 
2,2. far«y| jgrri iCTywInttimi 
fh» iMfimt of on alaotron with tht hsrAvtgwn aton offoxa 
tha aittplaat aansr-boAy p»>bl«tt In tha thaoiy of Golliaioiia« 
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fh» SQlmidiii^tr maim tqmticm fmf ®ieotroa-i«sr< r^ogtii atoa 
^ikmm 
4^ 2 2 
£ 3 B f 
(2.15) 
2 a V?2)-- | -^a, 
mil 
—» - * «i ® 
V(r|tX'g) f» - *» • "•'••'"""• ' " » • * • (2«16) 
flto2« rij ana i^ ttam 0»hitTmti3^ Qhmen txo^mfAimitm of tha 
tsse&tft nad laoidASt iil«otx«oi:^  r@&p90tlviel7* M i s tlie t o t ^ 
•1IIV87 0^ 1(H« •srstiM ttoA ^ ^ ( ^ t x|> io the total, wavo 
fuaotiim olMKractnrialiig tlM two ttl«otvoi»« 
IslvoAuoini tilt mpptosKtiMtm Sz««ii*s function ira g«t 
iatl»ftt«ir tht «catt«]rini tetpXltiid® for tbm ntli «tat« 
iocoitttlion m» 
24 ^ 
ai»co ^te imisgtml vxpTmmltm (2*17) YogttiTOO th0 
«xa0t wains funotlonY^C^f r^) for it0 evsaltiationt mA tltmt0 
m& sis^Xmt &i wHl tim &^roi3i$smtioti&ij& tli@ f i r s t 
Beam cmvoadsmtltm^ In tMe i^^Toxicaliloa 4t Is oponEisd that 
th© laoident eloetron intor^ts oidy ©Uciitly with ttm turgot 
egtoi3«, Its wa*^  ftsaotim ismi 1)3 T&psmmt(t^ ^ tim plmm mmt 
0 \lm%*t2}^ fhia w&uHd h& tU® eorscwt Iksti&tidii in the ahci@!3c« 
of all. iiit«r3ietionit atid this ei^ proqelaation io ^mlid nhttii the 
the 
spfted of^  inoidsixt oltctiron iB teatge m oompaxBd to that of thi 
oXootron In th« targ«t aton* She risqaiX'eiSGiit for this io that 
!C|a » 1 w/b&Tm « i« th» rango of th« «3.eotipoii-atoii inter-
aotioiu Xn tta» first Bom ^{fl^oxlaatioa the 8Qatt«riiig aspll'** 
tode can ho Obtained froM •qiiation (a«17) lagr patting 
—# —» 
y^ff, )1?S| *%>% Bi ) , <2.19) 
$0miffe ttm mupmtmrlpt Bf lit^ietfi ^n First B<m> approgdUBntioiu 
tn tho "fsmi^ hlnc of t$i0 ooztti^lliitiQn to tib@ inelostie 
iisplitiiao nhioli a(rieds trm, th@ IttttK^aotlcm l3»tweoii the lacideiit 
mm first Bcmi «ppro(x^ Kiti<m nsgitcts con^Hng to lall 
8t«to» otlmr tluut tht ia i t l ia »tiit« miA tlw f iiMO, 8t«t9 of 
thi trvntition* OOB witliod of allowing for cot^ing to otlu^ 
stAtos i» to «npl0!3r t}i» mmmA Bom mpproxiiiiitioii to tlio 
«e«tt«riiii iiiylitikSt* flio »oooii& Bom iMplittido follono fk>Qtt 
ft oooonfl itifzution in th» Bo»ft tfORloft, Soattoring Mrplitu4« 
«4Nioli ootttttlm touts oontAitiiiig »oooii& ox^me in T i s 
IBBt ^^ ^ -Am Jiff *^*i**S - V*2^ 
i-m «»f 
K 
2 2 » 
i^ toso 
26 
(2.20) 
^•«gl *0 
2 
/ • 
C, f iWWIilfcW 
0 
{ |P |HPM I 2 
r-)y^|(?|)^t. (2.21) 
]f(w tin* dlffeyontial oro«d-»«otioii in the seeond B(B*II 
a^ praxiaHiti<m is 
1^» « j 
W HO 
(2.22) 
11 
Foa? atsfeet «o«ltei?liig »e haw obtained ths prot^Mlity 
tiiat tint inoidtsit •Xeotarim eliotild l)^ ifoattevM Jbiito « i^i^mn 
aolid angX^  nftor ineeiting th@ atoia to th® stU 0tat®« t% %M 
tl^ aHi ©tato ana th© ato^o •Xactaem to ejeotad* % r©f«r 
to suoli piMmeiiMma ae thd Q^ mbango soatterlng* It i s quito 
oigiilfiGaiit ^ Xtm Qliietroa iepoot eixirgieo* t i oxpross th« 
totctX spiieio msm fomtioa desoril^iac i^& ^^ r&toci in tit® 
0pS39t^J5<Ki f0»a 
f!i« ] ^ i t i w l y ana mgatiimXy aysii»»tri@ed f^imtioiis 
AT/-* anft Y^"* ar« as^ooiateat with 0iitsl.«t mH tripl«t 
s<}fttt@viai arQfi|Ni^ tiiinii2jr« 9Siioii %\m cottix^ nm-vt femetioA of tii» 
0|f«t«i oei^ poaod of '^ m ^ i n an nail ati tho eipase port i s 
totiiXij anliiQpamttriQ with z«ftp«ot to intorohango of «X1 tli* 
oo*»«rdia«tMii isotOi «i»ooo wid 8piii» of olootrons 1 and 2 
%\am mwXiMtslm H^o Touli- oxoXtaiion prinoipXo. 
oat of tho dif f ioiatioo ivith tlio BOKH opproxittatloni 
2S 
Mstlnotion ill thu a^^i»dl^to imv» l o t i o n (2.18) «liich 
i s ti0«d to 0»tiaratd thii INim aoriso* 
fh0 Oppoitiisisi^ r {ii^ }ip<KRliBati<m is sdi att i i^t to 
lemm^ thio Isy wicgj es^lioltiy th® ©jnaEtttrtned or antiss^* 
i!i!i0^ dt@tS incident msmn 
"V^S i«e A'^ ^^ * ''^ ^ ^ ^ 'V/t<»^ 2> 
IMa will tiavt thiB offeot of providing tifo aistinet &epr&» 
QBimm f ctr the Aingl^t mi& triplet oeattorii^ «qpiitfiAde 
going with th« plus «na siaus sigii0» vsspoctivoisr. TKus 
-y / , ( ? , )T, (5, .Tj) y^, ffj) <s, aSjj. (2.25) 
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fhe fimt t&xm o» ttm rigti:! hand at&M of this 
coislisityistioa ariiiino trois esmiian^ ooeordiiiB to tim ^eaen-
t]^]?» am oovtsraX t«ngo in the Boni-Oppanholiioar 
esohons* ititiogrtila caid thay h&m diffosmtt omresr doponaonoe ; 
icuRi^  of tlio t®«8»if ^lioli imnleli cua?© am-^ ifilsr ^ t h imvemim 
mmst^ timm, tho aooiCliiic; tmrn^ ^ e l d ap|>reoist!»X<& ooiitiribtstioii 
al! In^mamMatQ m^ Imt 6!iQV||io@« Sooli a eontrllxttiim woujyd 
Ham oam!i»3Plo£t trnt mt im0mo0, h^ tim m^oetoA hiiibme-m^m? 
tmsmm Oehloir (1S64)f thmmtorQ^ mmsoo^te^ that «t izit«zsi»» 
diat« O!i0x-@i6s osKi 8l20iad oiiieuXato ttm oicoliaiise IneXtiaiiig 
oeO^ r tliOB0 t&rm #ii^li c^ ro aasii^ont at hi#i c»!!:»}XEi®«* Zi$ tMo 
i^ ppvo3el»Qktioiif, ineitead of vmlnQ the Besm-Oppftx^ heJUier expa?#n8io}i 
fi39r th« oo«tt«riiig Qi!|^ litudo» osi^ r th0 iooAiag t^ee in tm 
mspmmief& of sccittering ti^Xitudo m th® povra:?® of 1 ^ i s 
x«tai!i9d* Qehimsp (1964) oxpaada tho mcohango oeattoriz^ 
om^ttido 
30 
^11^ »V " *^ **^  f?* j (• 
' t 
ItJ* ana wtatM wOy tl» ImiSUe torn »Moh !«tov«s « J ^ . 
B^mmm tim ^ tens whiGii nyisiHs for oleotsroti-^xtJtoa 
intes^etimi rostato 4a a oo!i:t;ritoiltiott tmieli fiocaj?© raoaee 
ampi^ lly thm li^ and i s !i9gl.Qot@a, ?^}i0r<@foro tha looAing 
toziai in 0tich att osupaipic^ f>i3Ul orino fiis^ on tho ^/^t^ '^^ '^  
i a (2.26>« 
9o obtain th» lei]4ii^ t«r@i oarifiii!^  fsroei the 9l<iotr^i-
oXffctnm intflimntimi,« A'lg > **« ]iot» tusk 
(2iir ^ 
C47iir^ 2> • — = I • - | • <2,2T> 
9 
Sim* tiM wiia oontvilMition to g^^ emma £r«n ^ ^ ]C| t 
nm liKvn to thft lofwst os?d«y in le| sA 
«f 
tlq . 
Sl&itviAxtWf 
•n ^i^ 
(A|(«3RO' 
{g#g0> 
(2.29) 
"Y^ r ^ ^^F'* *2^ ^2 ' ^^*'^^ 
— ? • # <•• 
«!lA«» K <* ^ ** ^ » 
jl moaifieatioii l a tho Oelilair appraxUMtiiai bosDd <m a 
imrintioiMiS. priiielpX« lias boon £iiir«ii ijgr Itudo® 096S)* 
«• T • 
fht ftpproiiiMtioni aiecussoa oo far aro vozy in^eortaiit 
32 
and tiova hmm wxsf wmh mmtm iM tim xm&m»tmiAlm of tht 
ooHidimi psrooosats* ft)0i!« arm m^^irn^ ^tlier apprnscHmtidiae 
duft oomtideinitioit. Hawevmr^  we 0hal3. oia:r txrieHy aoatioii sdM 
of timi la tii» f (OliotKlii^ * 
aethod« Zto ol>;}oeti'9e 10 to t^mefer^ tho tltae^inftep^adent 
SoftrcMlii^r ^uatioa iixlo a o«t ixf cxrdina^ diffoi^ixtial 
^U£stJla«is> for iMch ^m toohiii(}Siei^  of fio3^uti(m iix« bott^ 
km>mi» If ms mm roatriet oiit^e i^ms to the oa0o of n 
j^oricallsp f^E»©trlo potoaitiia t!ia^o nAXl bo tio ^ doijeailoac® 
in tljo 8eotta!l«c aa^litua© &n& th© wave funetion y/"!?) i s 
HaQ&j^n&mlt of # f ixr al l lr« llea?9 ^lo aii{^ # io ^lo 
. iMiOfltiitltal ii!)gi«# ^iwi the noot gonoraPl solution &t O(|tuition 
(l^ *?) i9 a functicm of r ma& 0 oiSly« A |>arti«l ^vo 
onalsniia hon boon eiiara?i«d out for a^to fit ^ 26 ami fa «» 3» 
«]R)itatioii0 (Batos and MialmlSj* 19S7) aaA tba Is -* 2p 
aaeoitalioA (Taiaahtaiiiy 1961) idf b r^dvo^n atoan using tho 
fiyst Bom ap!>roKiaatiaii« 
Jkuothar ixq^ mrtam matboft i s tho ol<xio-eoupUi% 
f^ pproKiaalion* A nuoh sMva satisfactory approach to tbs problan 
33 
8®t ©f is«i%3^ #Q^tt0iig« iim atmic » t a t ^ ^hloU eiitw 
to |»0t a tm -oi ^0 tmmnt-tstim states gMtJOg «'i^ e^  to « 
finite mt of ofat^ liod iiift0i3ro-aifl*er^sll®l ®ttiati««s» ^Wm 
$M mUlM tit© ©liw#-eai;^ ll2as a,ppit0xSjmtlQni tim m&m of 
tli$i ^9^<Mteiti(m 40p«9ii@ itpon t ^ atooie states i^ ilett) @3^  
spffeuiea tm th© @s^ «^i»iQa of tM total wm& fmotitmn Ifeiitli 
toffes «t fO.* (1963) liaw 11:^ 11 cal0Ulat©a ttm i» ** ^p 
exeitatlea eros©-6®otioia asisie tli» 1« •• 5p 0loo@-eii%3Liiig 
ei)|i?(scto&tiGii« 
a^^naeiaitlmi i^^m the titm «3l«ctrosi !.» 3^ @pr«»9nEttt %^  tli^ 
plsaiii w»v»8, !•«• tim &i»tart%cm of ^@ fsfoo etlmtstm is 
emtpy^fH^ Dogieet«&« flitt aditttsiitia mi^ mmMs^ls^^tixi dlflitm> 
tiCHMi of thft t«iei^ Ateii or* i»aXMo^ in tlio fos« of 
pot«nti«lii* fim fitmtrVM%im% of oxobisngo to ^m nG&bt0Tixig 
wmpULt^^ is oljriaifi^ 1^ «ii^I03rl^ Ootiloar i^proadiiifttioiu 
34 
fOimem mA ShoMui <l970i 1971t}} vmA^ a mmh9r tst oaloiOationtt 
m €km%imn-&^mi mts^^mtltm i>»Siie plan* imw ii|^ pr{»dUsatl,(m« 
VajUisliteiii 0t «!• (1964) l)fiv« intaroduettd a intttboa 
35 
cmmm m 
36 
tilMr iattx^aotitm emr^ treqtsati^ts^ require troatoazKti more 
nsotxrat* than ttm first Bom ^proanSMatX&at Thi» i» parti*^ 
QiticOfX^  eo «i)iilG tifsatiag 1 ^ iixtos^ oireaQC! of wme@ maMtmmA 
1^ Kom than a alsigle centif e« aitiD9 ttm tismt ^mm Bspipraximt^ 
ticm msAX» ttm mmipX^n phasn tmtmm of ttm InAl-^ duaa. 
aeattering ai!ip3.itud©@* k ooi]»id@ralbly eim^ «xaot eaEpreseion 
tm tim m^mttmplm mpXitaHe hem tJeea derived t^ os^li^ing an 
eifl^p3tfmmxt& fossa <«f «!© Gr00a*0 ftunistioii uppropriato to tha 
WIV9 pr<^ ;>A@atioii c^ iiic^ on&x^en* 
At Mi^ 0!iergi€»s itiBsi th» iKavQ leticr^ h^ ore ouffieioatXy 
i^ saU.* tho aQguXar diotribation of eXaBticoXly eoattsred 
p«rtiQ3.«9 tjecoB^ in n senso a dstailod imp of tint rogioa of 
interaotiozu 
fh» &si&roatiBmt9 aotbod (01wi»b«rf 1959)t m9 ar^ going 
to d«8ori1)t linnit beatrs a csrtain fenily roaanblanco to tim 
apj^ dJOMitioiift ueod ia tha diffraotioa thsoxj of p)!^ical 
optieo* Aat thara ia a diffaraaoa botaaaa tho two* flm 
tazgat partiolaa in a anoiatfii ara ttm to aova abooit ia a 
37 
tmw& stato ins$XB %h» obetaoleo of ^dtivaxititm Vmary in 
optios are tiixn^ fii«Jd« Xt will h9 timmmext* tlii»ref<ir«t 
to ^«mX9p m fiathSB&tioca f»ithod f<ir ^N»a1$ii]g Vm prol>lai 
qiuinttii ii9ohaiileQ3l3r* 
fho funOiieieiitfil i^i^oxtoaticm tiM^rl^i^ th» ttodol 
3»ilat«d to &laa1w3f*8 foar hiWx etmT^m $JB %tm m3&mia3L 
rcfpvomiitatioii (ometipiot I9?l| ilwlxro «t aX*^ 19?5t Cheat 
197?) of the two-pai*tiol9 ntmttovim msplltiOm* Th0 Mkmm3L 
s^praximktion ii|»pXi«a to ttm seatterii^ t)^  a fix«d potoiatial 
anS ls» th@rofor«p reatriotod to elur^ ilo oaatt«rl»^» i^reaii 
ttm (^Xm£b&T ei^pToatimatHm insludes a tssesbor of otlior 
%3st83ioiil appx^ <aeillatioa0 m i t taJsas aooount o£ tim 8m3.tipI« 
aoatteirlDg* ajUmltar tlsnox^ r la ©00OiitiaI2jr a <lifft^totion 
«^proail»atioit i ^ i t i@ aaniaiftd h«x>6 that thit imidoist p3Aii» 
HEVII aif90|^ i^r^ially itaftirfiated through the r^iotti of 
iatoraotioa ctod cttffori} a shift of phase oharoiotoriatio of 
that patlk* S^ hls ap;^ oxJUmtiom id applioable at high oimxgios 
atui i s osKpooted to tm (^ taito ttaofta in the eiwrg^ donniii for 
i^oh the FM (fi3?8t Bom itpparoieiisatioii) io inaoeiurat* 
•nS a dotailed phaso shift amdi^ia ia too tsLharimm* In tha 
iiit«»Maiat« and high aneygjr s^ airiomi &Xaitih«r iqyproocinatioii 
givos i-aeuita in fairly gooA asra«iient with tho aieiiorlmiiitaX. 
zaaolta. 
38 
I* 8QQ,t%$kim 18 lliiit«a to M^ onexg^ r a»S saalJl 
iUH e^s nijor® (Bplitudo^ as^ imlX aiyproxisssatoa 
1^ iamix Blkonal f ozn« 
2« litati|iX« 0eatt97iii0 of tlMi pro^ectilo ttam %h» 
twee»t partioXos i s included Ixit xoscatterii^ 
(of 1 ^ projoetilo on tho ea^e tar^t particle) 
i s ascoiu o^d* 
r 
9, mmv& is !30 len^tvMml cmipomn^ of the 
4, Wm tot»3. ehango in piiane of th» portiolo wavo 
faaotioti •gttaeiio the mai of %hi» phm® oluntgeo wtiidi 
oootir at mah ooXiisio» with a tmm^ partiole* 
fakiiig i«lo MBooom tho abovo Mtntionod lusinnptiotHiy 
iMk shiax olftAiii tkm wqnrtssion for thio ifoattoring otap i^tuAo 
in M^i 01«utoor aoAoI* 
QrnmWtT ttm vowttoving of an inoidoat partiolo isy a 
•tatio f (xreo f ioXd which io loealiKod in m vaneo MIA iot th» 
39 
um b« mpmnm^ W » potential T(?)« m furtb«r 
mmam th^ tbe iiil;e3metloa iMtwinm tim iaoideist par&loXt 
tcoA tim single target partlels JUi spin inSepeniefit mA 
B^TlGtiXl^ n^ramttle* Foa? tM© prol^ lQiB »@ hmo to no^tm 
2 2 B^ ^ 
iV • tc )y/Cr) « - | V(r)y^ (y) , (3.1) 
Bii,l»|0et t® tlie tKR»iAmr|r ooalitioa that at Isorg© flistasiseHS 
from tb& x^0ioa oooapiea !?y tim potsatiolf th® «ra,v» fuaotlon 
hm tim ost^aptGliie toxsi 
!••• tils sun of tb» i»oid«iit pl«!ie wav» o^iA nn outgoing 
ep!i0rioal WAVQ nltli soattex-iag aapHtuda f Co)« ThB «iwrg7 
of th» inolAont |i«rtioIo IA tuPtoii to 1»e 1 •» :^  k /2ii ^ 
iitioro 1 vopiniAonts ttio propogation iraotor of tbo itialdeiit 
Vow for maQr purpoiMMi i t lo tieof^ to imim A aore unifi«4 
f ozMilatloa of tho probl.«i« ono wtiieh incozpoimtos tho 
Sohrodinttwr oqttatloit onA i t s bottndney condition m mUX* Sucli 
4 
a sttnfttion m^ bo obtalosA ^ mo&m of an iiit«g»a •qiuttioa* 
tmt m defiao the 0«>«ii»» Swxitl<m$ 0(r, r»)f m a 
eolution to Hw i»}iiQttog«iii<»ui mum «quatioii 
) f C3»3/ 
ataaSjr v^intion frc» a o&ymmm eduxroo at r*« 
fh® ftma ©f th© dremw funQticm is 
Ikfr - r* I 
How i t 1st aa^j to aae t!u»t tti© «X|»i:«asio!i tme ^JyM gi^aa 
-XJ/ix) m % •^•|a<r,ip»)f(?«))^(?«) ^ » . (3.5) 
aatisfioa tho Schradlagtr o^uatien idantloally. To oe« that 
tba filiow* aoXatlott Han oovraot aBsmatotio bohavietir «MI aota 
7 
that far lavga v 
41 
|l? • f * I »"-*'»'«i>' I f «•• i».i C3.6) 
ffoir i f wo Safins % ptmpm^lon vmitmt painting in th& 
J? *^ 
(5.7) 
tlto iiltocpraX dttiatifm 
$M\T * r* I 
» 
VMaiMWMMMlMMMWirHltllllHIIMMlMIK 
I r - r» I 
X ?(r»)Y^(fO aS?«, 
for 1? -• •• I««a8 to 
<3.0) 
r V «* M 
l lur am • 
4«C 
ikr 
K j i ^ * ' f (5« > y/-(ip» )<£?•. (3.9) 
42 
At thlf» point Xet UB miilGi our it«itatiO!aB aore explicit* I t 
«iXl Ise isoanmnlotit to «rit« Y^(r) JtOf t l lS W6>'V# ftlllBtilOlt 
4*$ lit 
ifbioli d«v»lop8 fro« aa looMeat pliine m%ym «*^^ , WQ B^^ 
aloo repauuot th» opibol f(0) for th© scattering arapUtuae 
Isar tim tatoTQ gensral aotatiim f (ll»tl) vtsioli dosignatoci «JS 
«3ii^ Iitiia« for scAttoring ^?«n th» aizreotioa 1 to m 
dirootioa 1c% 2110 «scfttt«ilijg inplitado in Wisn giwii liy 
Sii 
fC0) « fflcSf) • - —*^ 
4n^ ^ 
k 
It 10 cioQiSf froB tlio fttscnm e<matioathat in ordiKr to 
oaSteuiato tlw eonttwring mpiittiao f (!•« 1) «P» OIOJT i^ oad 
to kosm tlio iiav» ftmotiim in tli® x^gion i^iere 7(^) i< 0* 
fho «bovo foKKoXfiftioit «ho««i that in osrder to ot^aiA 
tlw «oattoxltig cross soctioiiy wt mmt eotm ttui SchrbdiQg«r 
•^tt&tion for tlw •ofttttring probl<m« AB^ in gontraX* tint 
wae99 mivuxtloA em not \m soiwft exaotiyt one ne«d9 SOM 
iipproKisAto »ithod8ifhioh alXo«r quick and fairly aocorato 
ostiMtttoo of tho solution* to certain aoattoring protHmm* 
43 
1 ^ ^ 
a •• 
2ti 
""^ 
4iift. 
In the f olloiilng vm are going to desorib* oa 
approximate iwithod mliloli has pnyred; quite fruitful. In 
taell^ilSg ths hi0% etMtgy s ca t t e r ing problem. 
W0 start frott tha integral ^qiiatimt 
4ic|?-r« I 
fr - r»| 
»0w wa shall mmm® tim% the emarfflr of tho iaeldent partioX« 
greatly exooeds th© aogaitiid© of the potontial V(r)f ^id 
i s also large onoogii so that the pmrtiole w&rs length ia 
wmh B»all«r than the potontjial width a 
« « 1 , tea » 1 . 0,12) 
TJs&ev the«o eoaditioas »« «a» j|Mstifi«d in a^auaing that th« 
hook scattering will be very mtsk. eo that the wavi fonotion of 
the particle may, to a good approxisiatlonp be written in the 
foxs 
yy(S) m e^ *^*" p (r), (3.15) 
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i«ft« th» pT&dviiot {^  tb» iti&id9&t pli^am w&m (uaA m factor 
i»Sii<^  adSiiXatta i t (i«#* imrl«8 olonSls^  ovi^ a p«rticl« 
if&vo length). 
Sul30titutiDg i t in t^iaticHU (3.11} we obtaisi 
20fL ^ 
iiiinii mniiniioMiiiii 
til tba hii^ dnergy iiait tli© produist fp vfaxlm &%0f^ 
wiMiln a posetlQle mmt i«iigth» I At 3<» that ntgXigibljr 
inidU o^trihtttios to tha intagral <m tha riglst oomes f^co 
i^ egione in f^oh tha axponantiia aaaiilataa rapidly* If wt 
aanaidar iiaints r ahicli Ha i^ithiii tha volisna oect^iad %!7 
tha potantiait tha leargaat aoatiritiatioii to tlia intagrai vooid 
oo»» tmm fniuaa <^  ?»• » IMP* 2^»e aloaa in diraotion 
of 1 (i*a« roughly parallal to 1)« ainca fosr thaaa tha 
aacponantial i» oaarly atationaxy* Th» quantitativa exi^ raaaion 
of thia i^roxlaation ia ohtainod by carraring out angular 
iixftagration ovar r**« $ha diffarantial al<man(; say ha arittan 
aa 2 
aSfti »3pM iar*»d^d^ , 
4 
ogad. 
^ « ..ii. ..11. m eo» (lc,r« * ) , 
kaew 
msarir | i s t&i oslnuthol iBi^e* If tlia inte^ratitm ovt&r 
ffi is Q0XTi%^ out 1^ parts aztft oiOy tlio leaOing t«n» is 
spfttaiiiedy we o1»t«iiii 
P m m 
2nt 
T ^ * * 
iler»»Cf'-M) 
0 
ilcr»» 
TCieHe»»>/^(ip>*r'«) 
•1 
••t 
(5.15) 
S«ve tlift Unit w • -I oGrrmpn&» to r»» luHiparaUel to 
k in tmieh oai(i« thft «xpoiMintial oeoilimtM vi^idlisr and i s 
ftSp«Qt«d to sif* ri8« to m migUii!^ SMOI oontrilmtioiu tit 
nrii tins* l«ft i^Mply irlth tht tdxm cozrospofidii^ tor>*ll St 
i ^^ 
m % »^ f T(%y,»») P (x,y,«t)a«f (3,16) 
46 
fim motv^lm^ i>f tlm ^bow iiif!«gr«I Aquation i s 
s 
y C * sr s) tt » *"•• • (5.18) 
IE «MGh ia toSmn pmr^^mt to tUft »wiKiei8« timu any po«tti«m 
ifmtot sp can to» deeoi^oeM infeo f3c«p<»iQists !> ia ttte 
plmsft nojaMii. to K^ ana s aliins tra wt oMain ftwaw 
fig* 3«1(a) 
jp • S • lb: , (5#t9) 
«»& m ii&vm f^ pm ^^imtioii (3*18) 
Y / f f ) « • • ' • • (3.20) 
3tt1)i»titutiiig this App3?oxiwit« mxm ftinotion in •quatiosi 
47 
(9*10) m 6«t 
f (kSk) » • 2)BI 
4 R / ^ 
X m 
&w*^A- f^(i •fe'te* 
^«d b , (3#21) 
Cf03*«m£S) mitM&rixmt ^^^ "^^ ^ @<>^  approactoatioiiy the 
»oiai»ittim transfer |^  hm im Xtansi^vMmSL otx^mismfimemit 
ij& mxmoX to both % miA $* as obomi ia^iis* 7*1 (b) 
mo tluKt 
• i; \/ 2 i(ie-k«),b 
i - • A 
» - * A 
*14^ / 7(b4fc8»M«» 1 
• J (5.22) 
43 
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Sinet 
f>m * I ^ I A / tCfe^i^Oam* m # (3»25) 
J8 ** A 
(?,24) 
ds 
the cf&attffirtng tie^litudo ttoetines 
2iii 
kt (3.25) 
Btflttliig pfei^ e «lii|t ^imttiai X C5), we laay pot tlw s?08tilt 
r -*. ^ fz i{iiKk»).tr i X ( b ) 
f(lcSk) 2itl 
A ( b ) i 
d be i « - 1 (5,26) 
IKlttll 
For • 8)p)MHPi«iaiy e^wietjrie poteatiia we nay wvite •qoaticm 
50 
(5»S$> in tM ftxm 
•» *• *» 
i^ tewo 
/ • «•' ^ an 
o 
fur til© pfftrnxtie^ ©©stteriag a^HtiMe, AaceraiJig t s <»» 
giwa isgr dlaxibwr (t959)# laaieattsj tliat t l^ imliaity 
criteria aam 
1/2 
e <./Js.^  . f'^r 
01 
^mm ft i s tbi venom ost T(r)« i«e, a jy» $IM» distance 
ifi^M. tli0 origiii) wltfeia whieli i?<r)| id of th» ms^m of 
i t* naximm aagnttuae T^ » 
i?«««at tm tht iNsattwitsg of a M#i laieinsr pcrtiol* ^PCH 
a potentiiiX field* is iire vmt goii^ to diootise in aoee detidl 
tlie cdlliciioii of on tiwiden* partioie with a teyget oomaitstingf 
oi' aaay partieloo, IMo iaotliod^ lioffeirefft i s i|tsit« generai aal 
6031 be Implied "sfith 0O0@ to ita»7 probieiae* Fo3f wtmi^Xm^ tlit 
®9thod l«50 s?Qcottfely l»ati a|i|)Xiod to the ©lootroa-atoa 
noattoriiis an! fotmA to bo quit® ouooos^ftil. Ooiiiiig to tbe 
^ Q b i ^ of higb energy ooattorii^t iot uo «s©uae that th« 
total intoractitm mms^ bstiroen ths imidmit partiolo osid tbo 
targot partioieo is a £m£i of tho individ'ital ifttoroetioii 
otiflfrgieoi 
T « ) - S T j C - r j ) , (5.58) 
00 that tho total pliaoo shift fiimtioa i s giirsn bgr 
32 
1 *e «• «* 
i^iare A is tli0 iiMibffit <if ]pi£rttoI«p in ttm target una e^ 
f»i a plmm porpQV&iatiiose to 1 (Fig^ ?«2)# 
froii 0$a&t£0!i (3*5:$) i t i s aioax* tiiat if tho |ifirtiei«0 
in the target iraro soiMihoir al l f ix«a in position^ «9e ooold 
evsaluate the total noatteriisg ifsi^litiiS« sim^lir 1^ aimluatliig 
th9 «xpre3eioii 
ile f ia«1b / iX/C*'^**^*' 
an j ^ ^ 
ik ( i<i*l> •;* -* - 2 
53 
Fiq. 3.2 - Schematic representation of the multiple scatterinqj 
the small circles show the particles,"? is the impact 
parameter vector and Sj is the projection of the 
j th particle co-ordinate -y: on a plane perpendicular 
to T 
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18 tii0 profile function m& q m <>4{:* > iB tUd t»iR0iitws 
taransfor imotosr n^^uma to b® in n plism pm^poMiottljiir 
target foxa ii d^ smncslcal e^t&& 00 tlmt the txuo eoattdrlng 
2n J 
Wmm i onA f Aentrte the m&vP9 ftiinctioAs of t)i» initial. 
Qua final tarett otatas, 
Xn paiftiouiar tha exprssdion for 1ihi9 •laotio 
eoattorii^ aiapiitMe notar reads 
i k f i(5J»» i -n I 2 
2ii 
f^d) « ^ I e <i I r |i> a S , C3.5T) 
00 
where, 
r (t>. s^,.,...s^) « 11 ^ 7/(1 ^ I ^(fc- spi 
fhis daepanslon o^ tli@ profile fi^ aQtloa T^m^Am a matipX* 
scattering int@r]^tiitiim of tii@ @arie0» fli9 tixst tona 
0O£37wpi»ziil6 to th@ nt&m»®m soatteriiig fi^ xs A ai&tlmt 
portlelost ths soeoiKl deeoribes thd mioceesiim »e«tt«ritig 
f^ OB two portioXd^ mi& eo on s»3 so fort!i« f!^  at»@»(se of 
netpeated iDdioo® in oi^ toinn eoarr^ spondo to %\m aboenc* of 
r«0oiittoring la tlit moSaltm 
ttm OXautHir Appgroxiantion hay» hmtk iio!i0idi«i»d to be 
oat of tho Boet euoeeviifal nothodo for Stfioritsiiig etoeio 
enA attoloiir •cattcrliig at mdiin m& high oiMrgieis* Tht 
iipplioatioii of this approxlMAtloA to atomio oeattoring 
prohliM 1« of particular latorwot and latp(srta»09 alact* 
in ooRtraat to i»m tMoIaar oaaa» tha Intiufaotloaa featwaati 
56 
QXpHolt accoaa* of smltipl® eoXiisioa proeasnes a» w»X3L ^ 
oin^a ones* l^ur 4ifInaction a^pro l^iaatioxt mnwam that 
the s(iatt@x«d i^ isrticXoe fird liaa^lF ooiiaQ2itr%t®4 aoi^ th© 
fmmaseH diirectioii. la th0 follmtim* w@ {£t& going to 
de8erll)«i @mm of ttso a^plloatioius (PrstmOi 1968| faA ©t al.^ 
1970| Oovilttosr «t ai.ft I972| fhoaan emA Qhsxh iW^$ Qtvm mA 
Olioiit ISff^ i^ 19741)1 ^liosh anfl Bilf I970{ liatlnir #t fa»f197f; 
i^2} of th0 Olmboaf ^|»ef!xl2mtloa to 1^ slootron-otae 
i)oatt^ri!ig« 
Fronoo (196@) haa studtoS tim •^ H «3jt0tio scattoritig 
In wfhSLeh tho iat^rsotiono of tho inoiaoiEt partleXn with both 
tlm tavget olootseon mii& tlio torg^t |irot<m &9 troatoA 
os^Xioitly* litim th« toapgot px^ oton bm Wmtk co»iM«x«d to l)t 
infinitely himvy mtA the mmhgam9 oeattoring i s n«ip.oot«a 
nhieh in gomivaXly quit« MMOX at high onsxi^ lofi al$ov» ^iOO mt 
for e^ H aoattaxlsig. 
fha hartoogan atan unlaKgoos a transition troM an initial 
57 
state ' i with wm9 Smmtitm yy^ to a timH fitatt f 
with the warn fmxi%Xm'\l/f foA ttm inDldont p@drtiol« 
impcgetB A wemna^m tf to th# tox^wt* 
littt tho t33^iein of ooKn^diimtos ho plaoeft at tho protont 
cn^ lot 1 <lo»oto0 the jb^itot i^ asraiiotor vootor 3?olo.t|,iro to 
tho origin mid r Quotes tho pooitioa irootor of tho ttxiot 
olootron* Finholly tho oot^loto 0oatt<^iiig eapIitMo C&24Sixh«7t 
195^ »iRinoOi I963| OilXoapiOt I9?1) i s giiToa I^QT 
Ilisro p (h« r) i s the profilo funotiofu Tho two-<lin@i3iii(moI 
iatogration oirtr tlw inpaert-parostotor vootoir io ov«r ft pltoio 
porpondiouiar to th9 dirootion of th0 inoidoiit hoaiB* TbB 
iwotor ^ io porpon&ietiliir to 1» oni 
r> / t -% ^ ^ X <1>fO) 
ivhoro X (hfO) i s tho phaso shift Q^aemponSSm to tho iii^sot 
psTttsotor S» Spia-dopoadoni intoraotions asfo aenlootoa hoiro* 
Aoooipaias to aianhor ii9^9)$ tho totsl phaso shift dao to 
a mmibm: of, 9o«tt«ntig cmts^ei 18 $mt tb& mm of «!i» 
txMHiSxuiik i^ hastt shifte dun to emhtgOom aeiMiratel^ at tti» 
ti;pps«opiriat« im3Liii»s of tli@ iis^set paraesster for indivKliii^ 
tairgot p&stlcXe»t Mt r a»l v* ^v i^ote ths oo-^ oirAiiiatos 
of th« ti^i;0t ana ineildiiiife elaoti^oiss VftopdotiviBly* rolativtt 
to tho itooleits; Wb iiav» written ? • '»<« a»a ?• • Sff* # 
iftunf^  "^  io tti(» dli!^ eotl.oA <ia tlm eoatr«-of-aiis3 &^t«tt) of 
A 
thtt path of Istegmtion* ^ Im &^ptimi3mt«ils In tb@ aireetl^i 
of $« 
fl)i» i^Mio shif t fU»oti(»i 
M» M l 
i s tibe intogral, aXoi^  tlio t3»ij«otory of tlio inoiaont oitctron-
of tho iitetanlatioaiiB potostial botiveon tlio inoidoat partieXo 
aad tho targot* 
For tho emm of o^ H seattoriDg 190 cmi^  nrite 
(j.4a) 
WKere 
yii • i« tho ohiungo of tho inoidont partlolo aad • i t s 
o9 
For Ql^atvom imldent on atomic hjrdrogent we find 
For olastlo scatt«rii*g of ©3L«eti?oJi3 lay tho toydrogea i» i t s 
groumi Stat© (WtomOf 1968) 
3 -l/K (*sr/a ) 
whiSiw! a^ i s the first Bote raftiue^ Writing 
the five-ainjoiKiioaal iatagraX (3.39) oaa b» exproseed 09 
[•^C**" 4« ) /ftp J 
X r 1 - ci?-JiA) ^^ ] 
X ^ (qb) MD «« d^«, (3«45) 
6n 
giv»it lay ta l »* aa*» 19703 t# 
[l -. (Icon 2S|/©D» 0) ^ hoe 28| 
F( -- • *ia^» 1 • **i^t If e i A o ) ! m, (3.46) 
iiliiz« F is tilt \s$pmm''SBmtxij& fuaoticm* fli» difftaroatita 
fh* «ipli«UA« (5.46) is asiwithtaiy ajraMtrie toA iiiAt|Hina«al 
« M I 
6l 
isateiag m% of 
t^  » 2^ii ^ em t) , (3*48) 
caeoea-'Oootloa for ©lautie e^att^rlae Is etwn Isy 
CS;. « / - ^ ) / q4t l&<^h)M^] • (3.49) 
B$X Cf969| 1970), GhoBii 0% jiO.., (I9f0)| S«i 0t ^, (IS?©) «Q& 
MMam imdi Oiimh Cl97f)« la @s^ <if iams^ oi^ottlations tii« 
aian1b«r Mi»litwl« wm first 37«4ii£^ «a to ttw mm-^Uixmmlms3^ 
iiittt^al. I)y »«tlioabi tfiailar to tMt ta@dl b^ r tti»ieo (1@6d) f<3sr 
thi •Xwetroii'iiS'Arostii •lastio »0»tt«rtn^« 
aiaitt)ti? tfmofff is pnrtiotOiirly wmcm»fvil iM tb» 
imlAfitio 8CAtt«riiig oas* t9«oi»ifi« i t talifts acoonmt of tlio 
i^ometion of 1 ^ inciaoii* purtiolo iiit!i tli» t«rftt ppoton. 
62 
Zn »06t oth^r approKlaatioiio toe moBltrntifm ptGommm^ ftm 
i^oh oaiculatioixi hwfo tjeon doost tlie intciriiotlofl b<ititeoa 
til* JlLii0id«!i& Gl^ ots^ on && ths |«f0teit oltli€tr prodiiods i6mk' 
t io^ l^ 002*0 9catteriiiKI csr eXoe i s oisataHNI to produce 
iiigligiHe oo«^tori»g« 
Xa th9 «»»rle of Tai ot al.« (tS70) th& kmtmtte 
soatterii^ fletj^ituAo i2» oMalsts^ unii^ oquation (3«39) n^th 
tlio c^ ipropafiato fittal otato fmim fixmtiGm V/^t anS tTttlisatls^ 
tlso path iategrai iit the «scp3Peimioii C5»4f) olons a path p«np-
peaaiciOar to q[ • 5|;*'^ » ^^ ^^  ohtainea tho t« *• 28 
^leoitatioa creoa seotSoas !3®r xmim *he api^opriate ws^ 
ftmotiim* 
Zn th» oa0o of axoltation to otatoo of hioh«r arhltol 
aagiafiP moGionttiii i , tho "sl/g Mm epooifi«a 1^ the cmp^ic 
^UAtitwt noBhor » as nvll. m X* aoii«r(mrf the forenlji tm 
tht 3?oeiiiitaiit: €»^ H1nidci l^opunao mst t\m cho@en wsiM of qu«a* 
tlSAtiosu irith the airootion <9^  q^uantieaticm alosng ? « 
whioh 18 pmr^^m&icvilax' to ^ t ^sS. et al« (1970) wero atiil« to 
mhm that tho Qlauhex'-prodietod faqplltudes for tho tramiition 
te -* sgpt s «• 0 msQlshim idoatioaSly fox? a l l ii (fhonaii man 
(kGr^im^f 1971)* For Is *• 19 wxoitatioiao tha rewiltiiig oiroso 
seotian i» tho SUB of the orose oeotiono for oxoitiitioo to 
•aeh of thft wp wi^tlo eulMitateo* 
6 
In thio cast %lm gpin-tophlt mA }s3rp«rfixm «ff«eta ea^ ipimrcdy 
ao that th» i»l«<3troisi eaa l>9 eoii{ilA«r«d epialeso in affect^ 
a»a tt}» 2p imgnetio »iil»tat«6 esm tm Itk^lM Isy ttm orbital, 
ttagmttlo mvt&sxbvm ISMIKST » « 0« J; 1« For » « I «]it n « »1 
ot«&«»ii thtt orotts d«otliiiii& fir® mmm m& MStmr mm^ IQT & phaa^ 
foiOtar # % @p90ifi6(iH3rf iM ataiie tmito, eomttospiiig flcipll<*» 
ttaaia iflth F^Cq) in imits of a t^ ana Se| and <| in tuiit* 
fxi u^f tlm fifi|»UtuA« for t« *• ;^^ Axoitatiomi hm isimn 
iSJkwtk an 
12 
a 4 2 2 ^ 
C i»iii 0 • ^ % ©cm # I 
9 
9 4 2 2 f 
Csiii e 4 » t ^m #) 9 
//•v » ©)«« , (3.50) 
nhM;* • i s tht polar anglL* atoA ^ i s ths «si»utli aogls 
Of q in ths plans psrpsnflioulsr to ^« snd wiisro 
6 4 
y 1 «^ill 
l42|i]iu. 1 5 1 2 
feo0 2a| ^ ^ g?|(1 • j l i ^ f ~ • *»iiigt 2| ©in 20) , (?»5t) 
«!i@s<9 2^ 1 i^  t!»i liypergeQiietrio {^ motion* At fixed 
ImiAQtA elytron mfit^ a»l neiitterin^ angle, thfs differential 
Of 060 seotioit i& given 1)^  
«-*(1e •* DiDMi q) • * * 2 t Mi» * »l«l q) I , <5,52) 
eheze IfCis <• niM| q) is the ooatteriag HM l^ittiae for 
Is •* mil exoitntion* She totel integrated oroee eeotion is 
c5^ do -• mi iE|) tOmt q)|. (5.5?) 
5.4. ^mtnn^p % 
fflM OlenWor aijy^voxiaation i s linitedy in applieatieny to 
maXl'eagle eeetteving. ftere ie « ei»p2« nesr 1^ eliioh ite 
angolesr venfe aer i« innveMied smmmt^* 
65 
mjmlamf (1^9) hsm pToprnvd that tbn «»^reddloii for 
s«iatt^t3aig «i^ 3iLtiift« for j^etxIiaS. 6eatt«af4ng 
* * fin J L OAS^) 
:io©0 ol* ©Jte^ aXoity or oaMulatioi^ coavemloac© %y c&cssJLas 
tti© psx^ ij|feor;r«5sS. uO-ca^  tlio sti?4il':ht tSm ijamll^l to 
Si 'I' aL :C©r *• <» to «•» Sfiila cxt^jjeiuti of otity&tio» C?*^) tor 
pototttial soatlswiag In iihieh i t in lnr>3Jtcit thtit for «ay 
giv«zi ^ th» diriKitim of S io porrm^ioular to tho 
iMiirootion lyisiii alons Sj^  * n^« l^ *mUd f «^ os^Mtvair 
«eattorii5g m&m 0 « eo©*'(i^,ii^}* dh&m (t95i) •afi f»i 
«% ikl« Cl9f0) !i£i<^ o aiecmsnod in dlotiiiS. atsottt tlm wlAo aaglo 
foasnlii* 
Btoontlsr daot ond Kiotl: (t9?4) imvn ettidied tlio IATSO 
«agX» isftliiiitio hsrSvcj^ n ooattoring in the GSjmlo^ iipproici** 
withoc^ t}i» iR>p3rc9ciaatioi& of smrolT traaAvoreo liiMioar 
66 
67 
68 
ti^osrtd 8)ftcoei!3fU12y to acattarnn; of eleotreae t^ h^&romn 
1970S 
fhmm ofdeulatiotiB inrolvAd t!i» ijunorioaO. «valisatioii of a r©l,atl-
te&vmim * ^ fiva-dSiaiQaoiotieil integrAl glv«a Ij^ ^ th» axoatsesr appro-
xlnatioxu this siapUfieation has aluo ^^t ohoim liQr Thocus^ s atia 
a«r0ttO9r (tSrO* FranoQ ClSTO) mitm hi® earlier (1960} pjrocoaurea 
nmOM emUg reduoa t!» »»}l(i oXantlo am^iittiad to a t}ir@«-aSj98»» 
sioma intogralf lihich he vio^ ardaousX '^ «imItto^ t«a mimirioally* Jl 
furthmr reduotiimv to wmm emily ©uaitmtdS imQ-^iaemi^ml. 
i2]t«gr»l8 for eithwr eXautio or imtag^tLo m4lB ooUlsioa msiii 
Xat«» aetalXod !^ Itates miA fmmyCi7f2&^ 1972h>» StUX nore 
7«o«atIy, Franoo Ct97?> and fhonaii asiA Chan (1979) htttti ahoim 
Utiit m prw^ltml voduotlon of th* eloetio waH IntXastlc «KHii 
«olXifli«ii MipXitudeft to am-^iijmmlQmX ae^Xituats i t po&sll»X«« 
VomfW9r, •X«otroa-Xithli]» atOK ooXXisions have Men 
oeneideved in the GXeuler f^praxiiaatioii onXy after naldi^ a 
lessen * oore apr^cjiclaatioa (Mathur « t a X « t l 9 7 t » 1 9 7 2 ) , 
69 
ttw oXtfotroa-sod&UK imlitotio ^oattAXtngp uli^ r^ tise aff«ot 
of tlM ooro oldotrone; hm ^smn li^orod Is^ r aifiosp^ ifi^  a firosta 
0{»r« approKlaatiosi* Orose »oetioti9 tm tlastio &omtt«>rUi6 
?»9il oseeitatioti of ttm mBmmm^ tmmltiism in lii,Hft mn^ K« 
ar» 04lott3^t9d in the tronon cam Ql&aSavr apprmlsiatioa l:^  
Ittlttirs (1975)* tor tt^JmetJ^Gn a^mm i3tm ooftttoring «iRpll.«» 
freynoo Ct97f) ^opoood « method of Te^woSjn^ tim {%t& -*» 2)« 
mmmBlixssSL integral to a ono-ai^oaoionuil integrai* A XMm 
estalytio tB»thod for rodticiiig tlio Ol^ mlje^  snplitude for 
oltargsd partiolownoatrol. ^o» oollisloiso to a oiie*»diai9i«iiaii«I 
ixttogml ropr«8oiitatloit XmeAMm modifioft XiOHnoi fonetiono 
13113 ^ oon propoQod 1^ fhoMan AM Qhmt (197?)« flw^ h»«o dono 
oolotOoticms for tiio 4i^ li» oio^tio soattoriog* 
Tim rooest in^rootli^tioao »hm tisat tlio otraiglit-forward 
opplioAtion of tbo thooiry to tbo soattorliis of olootrowi frc« 
ooiiplox atcne Mi^ o^o « ^ ovalitation of o»)So sootioa qoito 
eoaplioatoa m tbo imltiplioity of iiuiOraturo inroaooii with 
tho inovoaito In tlio MMUMT of targot olootroai* fo )m»i^ the 
Ofilottlationi iSAaagoatilot «ov«r«X Kodifioationo in tho 
origiiMd troatatnt of oaXciOating ooattoring onplittidoe In 
70 
thtf Qsam of ooMplcx atom iie:m hmmrmf bttii pvGpmeA mA 
i^To mi «m pje^emim n »9thoft nMoli ia fi^ tma to tm 
oH^iov than thoet iMc^ airt avmiX«l>Ie in t ^ lit^smttom^ 
(kEt stain fiiB i s to atudsr thtt so&tteringr of 0lo0tl^ ol]ll fsem 
em^tmt atimm imvtng onflr viiltnoo sUmtumu fim o«»^ral id^a 
of mm apnTvm&h tovarfts tlsie protaitt if> to repXaco thtt 
filfiitm of ooiro elootiroaa b^ ^pxtsparlato etiiferal ohargt 
dttoBity «^ch vmmlm pm^l^m ticroogtioiit tba »eatt«tii!g 
prooos0» ] ^ doii^ 00 fi® feqp© to introduco oonsidoxiaM* 
ainpUfioatioa in tim prol»l«B of thd so^ttsrin^ Gt 9tmitr&m 
troa 6<MpX«x atmm witttout n»g3lootii^ ni^ signifiosot 
^i^lota featoroo in tlit 8oatt«riii^ piionanenik fkm (V^^'h 
(HsmmiomH intogznl for th* «^iitiiai« for iMiioetron atoae 
o«n IM rtduood to it 6inp3i« tw»>Aiii»niionia. integral «!iicli 
oan %• furtlMT rvaiiona to &m-^^kmmimis^ isttogral* iro li&v» 
•{^Xioi thi» fiotUod 8tiooe@«foll^ to tlio oaj^ e of oljtotron-BillUB 
muSi •iootron^Mtbiitvi ao<»ttifring* 
3RM eiaabvr sostttring uNpUtnd* ^gsW ^<^ coUlnioa 
Hi oXootron ttith hgplbtogon fltos in iiliieh tlw nton unSer^ots n 
7 | 
tmmitiozi txm «ta ifsitiol stato I, miiih wavt f^motloa 
nhioh t!i« lii0id«i]t pa(rtiel« iapmrts a KaM9iK!;»Bf ^ ^ to %im 
C4.t) 
i^hmm ^ i» QiQiiiiBiQd to l l o in tbo pXcuae of tbe ie^«ot 
{^ arofsetei? i?<Botai? h and 
/that <frAnoo^1968) 
X C^ i ») • 2 8 ^ (ffe * »|/b) , (4,3) 
Za aacHmt to Att«i«iii» tho 0catt«£|iig fH^Utudo for ecmplm 
atcMBf wo prooood «§ folXone i 
ffo T^jUmm hiro tbo sifisI«>|MrtloXo wttvo fumtioa %gr 
/ / 
; 
' / 
72 
%M wms^-v^ssti&'iM i«aim £tt»Qtiim 
'wr •<» im 
'\J/ {T} -» y/- (jr|t •-.••»• r^j), (4.4) 
I te i^  z-H>aL««itriai atcaa, i^ iA tUs siar^e-particle pliase ehilt 
f^ motticm ^f %1m pha@# shift imffered !^ tlio inoident purtiol® 
in ym^ixits %\mm^ a ooufigiumtim ^ tnaet^ partialis i.»« 
I i^Ay»re k t& til© total ouBibor of partlcloa incXiisiv^ of 
( ortra »»Xoar oloot««« aad pr»tono. 
/ / 
I I 
I I jliar using tliftse noro ganspaJ. mupxmniom wi »aT weltt 
' « . ^ 
(iq.b) X •• 2^  I 
I 
if HA aar« oonBidiidiig m aeutsna «t<3R with z^Xmtrtxim waA 
73 
izmpgssi^om)p ifSMMr^  4 » Sz, t ^ n w& §«t the ji^m&e shift 
$m to el«ictt*om and pmrtotsi m 
A 
X(TiJiS|»S2^*>«*»*»*^^) •• ^ '^ l^ l^ ** ^"1^^ 
%iA 
It i- -• *• • 
• z XpO,) 
J^{-x,(v:,) • Xp(*) j 
ifli^Eiifcsnif 
• « TT « 
ana tlw profits fuastioii p is 
(4#7) 
TTe t» (4*9) 
anA 
74 
« 
uir«««» • • # • a»J. (4.11) 
fhs tSumvf flxpr«8sioii for tlie iiOfttt«»ring m^litiiao contaiaB 
g 
MEiltidiMnoloiial io^^Lfi ^m^ •vtauatioa la ^tiitd 
aiffiotat. In ord«r to t»« «M« to apply ^lo «l>o^ «xp2?e«8iosi 
to ttM oaiio of aMlti^olootron «laMit w» itoiiia b&iro to wt^ 
oortain niM^lXfyixi;^ assiwptloii* ar«gttrdli% tbm ntsmimm of 
If tht inleirootioas ti^ twooii tho portloloa as* aoglootod 
tlMn tk •tatioiMST wmar-piiirtleXo iww foaetioa cam IM «a?itt«ii 
75 
total probaMIi^ awwity .^y/ t nfh^im y/%B tb» total 
•leot3»»i mim tmmt%fmt etioiaA im a product of prolMibility 
dotiiiiitl^ for tlio 'mskvm olootroas oo wo siiouM hme tat 
!?2Msr«fo»»f no mmmm m a first appa^ndiaatioii that 
tli» atoeiio grotma otato mem f^me^tfm product sioy tm wtittmi 
m 
IT p(^. > , (4.12) 
«IM»« y^j^^j^ ^ M^> aonuOisoa dowitjr for tlui Ith 
pttrtlolo* 
Xh» «9«rago pfsrtiolo donolty JL« 
lv% 
76 
i^sA 
2 i i ^ l a ^ ^ - ~ - ^ | 
/ ^ . 1 4 4 
(4.14) 
and 
IttBClj) 
$t4 ([• 
gjU!iJbiV'''''''''r''''^'''''v g p (S^y^^) • (4.15) 
Sime 
2 in . ln]^ "n«*iii<n..«»»«J ^ ^ 
^ , •» "f *• / C1t>*• S 4 I ) 
l l tDO* 
j -1 
l» P(5^><^^ 
(4.16) 
2,((AfV-/'d<vT'(iHi)H 
jS [^-h<'j'^<i^im (4.17) 
77 
fh0V«for9 taldag Hog on Ixyth aidon c^ equation <4*17> m^ 
m^mtim ttis sqtmirt ami higbsr <»?<d#r t«iiBB ton tho rig^t 
liiiiia ttidfiiy esmming that the pnaes sliiftv eire emOl in 
this e^prcxxiisationt we g»t 
If oH tl^ ^aaetioaii f 4 (lb) t«fe» tl» 0fli» f cam T Cli)* then 
tiii9 ri||2xt tmiiL eiOo of oquation (4*10) ooa be wttttmn in 
toxso of til© cworage partiol© domit^r 
(4.19) 
fhsn 
B(b) -fil/^ Cr) r (jb*t|)to (4.20) 
Finaaijr th» #iii8tic 8c«tt«ri9^ «ii^iitiid« oan bo written m 
Ik ( iq.b f '1^PMV{^.T>6;^. 
[ 1 - 0 J d^b 
• ilc 
^ ^ •i|/^/5(r)P(b,r)«r-, 
^^ (^Qb)[l - 9 JbAb . (4.21) 
r^/ Arc- N 
: i^ v^ 
7S 
wbsrft p M %» ^m tuvmsmm paortielt density, flMi aiff«-
rwntiaa orosf! sootion f<ir the elaiitl<s eoattesring ia 
finally otytaln^ 137 tioii»ii of tite e la t ion 
a c r Cq[)/a-a«» 
.2 
F (9> (4*2a) 
mam if aDi tto tiwdk. utato i^ t ^^  fiia^Ut Gcmpar^ d to tils 
inBldmst mi^ :By» ttie 0oattflQ?iii@ flerplitttdo io giima 1^ 
l^ g** \ I M S . I • 
2« , 
• *^ dS<fJP(b,1|,...sp|i> , C4.23) 
«ili«s« tlw prof l ie ftiiiotiQii 
i 'X(l»rS^,..,.,s^) 
<4«24) 
•nA 
(4.25) 
79 
WBXB 
.jy/(?„....V n^  • * 7^tf,,...v 
Xn this 8tod«l <^ ll3r thu os^ermoet elimtroii i» m&mm& to 
p@rtielpat« in t^ho tm^it io i i* la Bopwrnte i t s «PEV« fit»otio» 
I^ Setwi tliat of tlii9 ygiaaiitiiis QUitQtirciDiei %^  i^ i^ ltlBig 
V / (»fjB***T^y • ^ i ^ ^ #^,Crgt#*g.#irg) , (••27) 
ami 
V / (r|9..,*if^) i» %(r | } #^(r2,»««,.r^) . C4«28) 
fh» rtmtnlag •^•etroiWy ••«• thou* in elm@A mimXVt, pl«3r no 
«oti9» roX« ia th« tramltioii* 
80 
< f I « I i > 
- * - > 
« (/4^)* ' - %^ * O •» f -
tl^s^l 
yam 
(••89) 
X#t 
Sti l t JUtI hnmmtAnm] 
IVsJ 
K I (•^(v—».M j2e* 
•I A| (ll) , 1 | Wi , 
j l 2jUiJbl( *•"• ••»y 
Axv>****^ '^ « 
(4.30) 
81 
«!iKr« 
A|Cl>) m tl^(r|) 0 0^Or,)af| , (4.51) 
Qui 
ll^ s^^ l 
»!<« - | l *o l jT^« 
- l^ il5Lj|3il'*''|'"'"* ^  "*'*" j 
l^tt*2**<»«* i^i , (4»3«/ 
'•- ' ' - ^ A^P- (••35) 
fhsr«fom, 
l | (b) » TT A « j > ^ j . <••'*> 
ttn& 
H V J T V 
82 
— *» I 
lil9|(l>) l^r^^^P ,5,^,) 
l-C VJ {#.55) 
Batting 
fl>-s*| 
I • r Cj^^^) ^ (4.56) 
Wft IfStt 
/ l b * s . | 
/'i^^s'-A^'s'^fiH*']^* (•.57) 
/'jfejM^, - ' (4.38) 
ZIHKEvXIIIt V t 
83 
1^ -//^^(r^)r(|b-*|f>«S|) ^ (4,39) 
and 
S a . f l 3.11 ( wwiMiimimmtlm•• 
la I » "^  ' ^ / 3^ 3^ **^ ^ 
— - fp^i^p r (lb - "^ 1 te^ , (4.40) 
Vt g»t tiw alMsv* AxprmiMlon by X<3garltiiiBl.o expansion mA 
rttainlag oiOy ttm fimt tsjm audi titgl«otiDg iil#i«ir o^«r 
tvmfi «i lm» hmm mhamk alrftaAy in t)Mi cae« of «Xaatio 
0oatt«]?iiig «R|^ r«ssioil (4* 10)* 
flMi svwrag* p«]rtloX« aviMiity isif thii ocro •IftotroaB is 
P (ir) . — ^ £ /^ 4<3P4> . C4.41) 
84 
WS0S%f(xieftt 
»«%<«*> •-^Ifr^^V^^^^^^^i 
IRat fii^aituad fur Itmlm^lt^ aosMetim ^ 
Oi^>««?t 
X • / • J d^l>, (4,44) 
8 5 
et4kt« mem fm»tlmm of thd iraleiice olootzroii* 
Si330« tlM iixttraotion ^twtoii tbt ii»id«iit wliiolrfm 
oad thft target iitcB ims h»9m pffititaMid to b» ii|>i]| izia9pe»a«iit 
snS thd «}Co!iaitgo effeot hm not beea tiOssit into aoooimi lier«> 
thsrtttoxre the spin fonotiomi of t!itt init ial and final atcmio 
states V^  and H^  ropiaiti th« iif«»e« Shi« fact has %tt«n 
iisat«u3d b9f<»?©-hana in ^iriting l^oini tiiii oxpresaioa {4*44) 
vMxih in aiv«n in 4atail. ^ Waitaf« Ct9?5)* 
For tti@ sxBittEtion f^ nxa state i to atata ft t)i» 
ltij^03?antial areas aaotifm i s 
IWIIIM 
and til* total ovma saotion ia 
I* « 
^fi -1 Mi) Fjpj^(q) aia 0 d9 d# , (4*46) 
viliara e,4> art tha ani^at in ai^harioal o»»ardin&tas aptaif^ing 
tha diraotiott of ^ valatiYa to $|« 
86 
With tht iiiQr«a8iiig tttoiiio iiii1)cir ot %m ntus, tlis 
latxiur of aaldLiig caliQulii%ioii» Inox^ osfss ttrdemndinwly* 
hem 'bmn coxri^ m^ i<xt eoopj^ ic utom ultli x^ 3«ult« utiialt 
imw im n^ of QoziE}ia«raia« ^r^xm* £» oaloiOatisig ttw 
F«3Eni etatiottoal oethoA (Slaterf 1960) aim IMI tts«d« tm 
tlnipof ore; to oo© if &mh imthom will ciim appropjpiat* 
v t^il^ t^  i ^ a ^pXiod to tiki cluster of «ld0t3?oiiii ttixnroi^idlBg 
tlm imolstm of a tmem atas. In applying »tati0tio«l aeoliaiiies 
to tan «l«otvon elouAt i t i» a ettotaiKisqr parnotioo to uso tm 
Wmmi-Mrmi qiiantm «tati8tio8 bostfd mi ttm i^mili-mmvmim. 
p^inoiplo* 
ShMas ana fcrai miK e^sited an i^lioation of ttaa fmmi-
Dirao •tati»tio» which eVm» a vory sin^lo a^ rathtr good 
i^|)riiicl»ation (91at«r» 19iO) to th« pot«jitial and chmm 
distviDtttion in an atoM. 
Aoooardiai to this atthod* tha otmaem doawi^ of alaotroni 
87 
«t aiir!sa!iQ« r t3NM th« iiio|.eiid would bt d«t«xiiti!t«d frott 
%h» meatiMsm kliietio n^arigy just on i t wotild b« in a tmm 
mlmttm iSiiB with the mmclmm iciwitio emiripr* fli6x«f4»r« 
thi^ mmmmH ttmt ttm &hm^ ^t^mltf P t^ the Qlectronio 
ohargw mm 
^ , a. M(.)] '^ ,,,,,, 
/ - ' Ml « * # «•"•* «i»wniiiniinwiii>iiiiiwi|iiimiiinr»iimw • V T -r / 
Zn an atmf iii&mwrt thero io an unifoxttl^ dietiltnited 
pi^itiire o!mrg»i th» poeitiim <ilwsea» l& ooaooirtaeoted at th» 
i»cX@u8 msl id of «iioiint ^* 
7h0 poteatini oattrg^  in atoiiic uaits is 
z 
? (» ) m m m S(i») ^ (4 .48 ) 
ifh»r« X is tht a(l<»io mnbert i>o that m%/v mmA ht the 
potential •xmrgy of the electsroa in the field of the hexe 
naeleuB end B{x} esepveeeee the f«ot that the moleus ie 
]>eartly shielded hy the eleetrane iMch eurromm it* 
Itr epi^ ljri!^  this nethod (Sl«t«r» I9i0> to the electron-
oiMplex etoi eoetteiPias we oaa oeleulete the eleetio end 
inelestie eoetteriiiK oirees eeotione. 
88 
OHAJmsH f 
89 
fli0 etiooo8» of 01aiil3»r th»«ey for dO80riMi)g 
oolliflione nith cd^ aulo hsrtlrogeii i»i6 pr<mgitQ& ms to apiitlr 
i t to ttoro od^ l^Gst atonie e^teas* Altlioti^ th» tttUit^r 
of tl^ OtQUbor t^prmismtiGSi htm hwm itixs^ mtmW.i»}m& 
for o^H(l8> 9S0& p^HiiB} oolUBloasi,tli0 @mm assuxtimi 
osamot :^t ^ laade fear moiKi OQB^ 31oat«d •ittsatio»8» Qiren ns 
sls^lo a oose 00 1^llft(lsr }• fhls i s no t>«o«ast of th« 
ofjapUoatoa mttin> of th» int^grolJi tlmt emm iM tlmt^ 
oaiouiatiotiR WIMII &I«(i1)«r tUsoor? i s unod in ito origimii 
fmm* In gtnsralf i f 1^ igMi^loasil fsm^&HsmtiQm «re maA% 
in tht thoox f^ tiio siml^is of acatt«riiig of ii]oicl«nt l>t«iai 
1^ a i^iootstni aten luoe^ to tlw ovalURtioa of «k (3^ ^ Z}-
distttfiioiua iitt«^iii» mastio mA iniiMrtio aoattwring of 
Gbast9»A partioioft tj^ r hsXimk ataan is anaiyaad in tlia Glaubtr 
ai»proxiBatioii "b^ Ps-anoo (1970)* Si oooiA roaaoa tha ^Ht 
•Xaatio iMplitttaa to a tbraa-diMan&ional intagralt aliieh ia 
tlMHH araliiatad nuMtrioaUy* A fartbar x^adootioo to a »e!r« 
9 
«imi%^ •v»ltiat#a t«rQ-aiK0»9iQiiQJt ii](t<!^ ral tm either wilmtict 
or ia9lai»tio '•^ll» soattoring wm 0ivim in detail t^ Dates 
tm& Ohm Cl9^) hsm Qhmm ttmt a praiotie^ sroawstiosi to a 
<H -^aii!i3»9io»iiI l{il062f@3. 0f thu aXostic} ana imlaBtio '^m 
oeiUDicm fnplititSsfi I0 p^ o^il^ o^* 
mtmritiQ im Ohs^dr Xf # tli» «aeiatio scattoring 
iis^aitiide id givwn t^ 
l i 2ii; I a^ 
m ile U J 0 > f*-« " Mb . 
Xa oalculatitig y^  («*) m sliigll i«$« tli9 hslitai rx^^m^ eitatt 
iMir« functioiiB ^ir»]| tsgr %X3.«£«fi0 fiaA llartr««^Foelc« fht 
V^Hwmm msm futnotioa for tiMi hftlim ground 8tat# i t 
g»' -««(r i • »2)/% 
•ad tiM pwltlaa pi>olMMU*r daiwlty ! • 
91 
,? ^ 
-Sii«» (r^ • »^)/«b 
5 
« a. 
/^(r) 
5 «*2K*' 
5 
(5.2) 
It 
fh*3r*f{»?o 
{r)r<btr)to 
'/)tf) r i*# 2ijUUi(*«'^—«•) ^ 
y « • r ' ^ V i r / 1 —I* iiiiiiiiii»n H'I ii>ii«iiwiii ii|»iinmii|i«iwi»» I Q 2 > I 
' ' ^ V, '^ 
9» 
f / «•» \ "* 2 .S«»» s , 
lO—1>ll>0««»M—WiH iriiiiiiiiiiil III •n-»i«nim><yii>» a# (5«5> 
with dr M nm 4# ai« . 
fhiMt 
f («) • 
tfO 
/ • «•: J ^ o<«*> 
5 M 
$ « « 
^ r l>^  "frs^  - 2t« oo* • ri nmwMw—wiii •iiiiiiiiiwi i m — i w w M i w o 
utimm K^  1» tim ttodifi«a Btasvl fuixstioa of tha third ldM« 
Ih0 aiffer«iitl«l orom-eitotloii in obtaiatd hy fWAiis of tht 
r«latiiiit 
4 ^ * 11 ^ * 
(5*5) 
B3 
utiloh 6101 iMi vary mmiX^ #v^aataai immirioiilly. 
Slallerly vmim th« Hietree»*Foolc immi fnnicitloti 
V/CJ^t*^) C» /ft tt^) 
(*i^»|/a^) (*S»|r|/%) 
0 40e 
X [ <-8|3PgA^ )^ (^»(V2^%> • c« ] , «.«) 
with » w I.484, 2| • 1,456. C • 0,et aal aj> is tte first 
B s^r f^ diuift wi m^ tlm pmitlcm lyrotmMlity demltf iMoli^ 
aftwp iateisratlfig <w« oao-particle oo<»(»?dlmtet givts ti» 
•ingle-pmrtioio demit^ an 
2 
« « 0 
^^  ^  I" i^lr/m^} (<-2»|Sr/a^ ) 
• 0« <5.?) 
SulMitittttli^ tbt fixpsMisfiicm f<xr /^ Cr) in th« etiuation (5*1) 
ii« miar ofibLoulJit* thft diff«»iiitial crt^ m soctioHu 
5.1.2. 
In fi«i* 5.1 mm 5*2 iw ha9« plotted %h» difforontial 
9 
</> 
C 4^ V> 
a» c «- a» r; o> 3 <p 
w w a> 2 
4-* O (/) 
5 0 2 «o 
J VO 
«5 UL <U _ JS I «0 
a> 'o> 
«> £ e u = o 
3 4J >s i r 
»w 
o> 
-^ 1 1 r .^e 
^ I CT^  « o c 
<- cr j : o '^ 0» 
o E 3 c tU — 
O ti. 
Of 
^ 
_ 0 
^ •*-
0 S 
5? fl 
±:" to -
^ 7t jj Z 
«0 
**^  ^ 
'5 OS 
2 •« 4J w 4-1 O * ^ ^ 
E O •-
o> 
y *. s p o e Of C CO 
<V 
t/) Vt l. 
a; I 
; 11 «0 
* J > 
u 
•i* 5 S 
•*•! ro CO 
t/> CO O 
£ O .2 
a> O ^-^ , O 
I <o 
«3 
a> 
in 
cr 
^ej//(up/^P) 
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•9 a fttnotlon of <j^  for incideint «aergi«8 100 «V and 500 ev 
3P0sp«etii»»ly f<sp the ea®Q of (BN«!II ^Usstlo esattoring* 
mm pire»9iit ciaoitlati<»i0 uaing HtotvsMHrook mim fimetion 
fire m ffilr acioca^ A witu ttie on^citi&tiois! of Franeo (1970) 
itnA fhOBo^  and Chan (197?) aM also iilth tho imaiam^ 
«:!C}^ erJi[iN5iitii}. data (Vl^id^ et a3.»t 19$8| Ohisisborlalii ot a3.«« 
1969} Broiborgt 1969)« flie (?oiBq;»arifio» hftii ^imn m^m also vfitb 
tli« Wmn upproxlsatioii* f 2i@ fascnitudoa aM %\m aliapes of 
curves 
tile 00att«rli^ oroe^-aaction obtained iti tfao Bcnm appin»cln»* 
tioa if«z« in rathi»r ^mB di&agroeBezife with tho »ea3tt£«B0iite« 
Our oal.oialatio»i u&iiig Sartrtto^Fock wavo fei»stion o@r@6 wolX 
liRitli Fraiioo*3 eurvo iii»a also with tlui oxporliseiit oopooiiaiy 
at Xow 8(3ii9iitt«i tranafon^* Sthla agra^ a^oat taocomos aoeh trotter 
at higii entrgiea* fhio i s axpaotad frtm tho Oiaulwr thoory 
also* iMoh ia iMirtioalorly applica^ CLo for oisaH anglo 
aoatt^is^ at high inpoot onorisioo* Otir tm^tu i^old mgfsHm 
diatrihutim whoaa ol^^aa and naipsitMos ara in good agraoBont 
with tha mia«uv«i9«nto» Tarthort ^m find that tha jroaiatfli 
Obtaintd 1i(r tMiag Btertraa-Fook wava fuaotion ara oixperior to 
that o^ainad last asing tht ^lXara«i vava function aapooialiy 
at mmXk aoattarii^ «ag3.aa« t% ap|}aare that tha diffaxanoa 
batiraan tha ealoulati<»]8 at hi|^ amrgiaa tm%m, t^ia llu;^ra»» 
took and ^yUaraat iiava fuaetionB ahoMi a dacroaeiag: txaafi aa 
97 
we go to lurgur ^oattorins aniplea* Xt Is |i!rot>al»l;^  aut to 
thtt foot that tUs tiyi^ ft mmte sonttorix^ lo dcaaliiittoa %3r 
tho ii^oraotioa with tho aoiolmas of tim imlimsi ^mt m& iss 
ina j^prniaetst of tlm datoilod 3lbasp« »(t tlii e l ^ t r o t olotift» A 
&mm fi^oitrsite ifis^ f^ fr^  ftinctien mx^ Bhrnr quaai^itatlva Ii$(^ ro^ 9^ snfi^  
of ths ir@att^ t«# 
Mttoucsli f^an^o Ct971# t9f3} ami fHoiaiiO esid Cliim 
(1975) haw i»6roa«0©a th© |>yoeodur<jD for sroauoia^ tho Giosilmr 
«i9^3.itudo to Q^-dlJBtnpioiiai iiitie{pra3Ls fiir t l^ ooao of O<X!I^ 1QSC 
otowit tho GOttttO. tiipplloation of tisooc procodaros ftm atoraa 
ffifiro ooRpIex tlmii heXlun hao not tt»^ roportod 3«t« 3a@o of 
tl)o Qiitiiors ha-vo usoa froson coro c^^ooeisiotioii tm oXoetron-
ttlkEhll ftt^a ocattoring. In this approaciiafttioii (<irjilt6n»i 1973) 
thit aotual ipalrwlso oouXcab Intoraotimii botvNNiii tlit Inoidtnt 
ilootiroA amfli tlio (X»1) i^m-vaJlojiee olootroiKif togothtr idtli 
tlM bftXaneiag «»(3 l^)i / r intoraotioa bttweiMi tlio izkoidoat 
•lootyoit «ii3 9^i of tha iiiiioX«i»r |»roto»i» mse ivoplocod D^ 
an offoQ^ivo piuroXsr oontsral oevo potonti«l T^Or)* l^ bo 
ootiXoMb intor^otloiiB liotiiooii tht incliont oloetrsa mA tht 
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^ « » . ,Uot,^ mA th. rMOmos - V r p « t of tte 
iitl«afatltiim I)etii9«}i thut intiMesKt oX^otr^i ai»l the s»iol«ii» 
«!ief« V aisat ar* n ^ the oo<i*i»?aiiiKttsiif th* imMtixt m& 
^ jl 1» tljft umtal t]or4rogenl« plittso ahlffe fnactloii; and the 
profile fonotioa is gi^fwm lugr 
r 
p * T^Cbfis; •T^oCi>*s>-TgdjfsircCi^^s) , {5*10) 
fh» aiflttlmr tbnooETsr in t2»i firosta oort-ippiraiciiiAtioa haff hmn 
iKstpti9A to #-M dtottaujr t t «!•» 19711 1972| naterSp 19T?)t 
i-Kik (fvipAthi •% al.t 1973| Walt«vfi, 1979) «aa i-K 
ooUisioivi (ir«lt«9f0 1979)* tn thes« oaXetOttlicKii tilt inttgrwlii 
93 
imm tmmk smXvmt9A t)^  foUXomm tlw j^ rocddurA of framo 
(I960) aaA tai 0t alt (1970), »at}»ir ami eo-nwKewo 
Cl9T"ii 1972) liaia TripatM «t iil« ClfD) ignos^d tti© «mm 
eia^3bifi«i the peiMjm to thd ong ^iiit« oisdlcsr to the 
@6atterliig of olaotro})^ 1^ lisraro@»B atons* 
ea;r 139 ol»tai»3d 1^ Q&mX&^m^itm tlii eft dot of A H t ^ t»rgot 
<ilootr<»i8* Xa thd foUewis^ w» !ia^ aiseiiissai tlit i^M 
olai»tio mia itislajntic soattarlncr ^i^imm mi h&im tsSmn into 
eoomint tho offoote of t^ eoaro olJKitroiie 00 miX» 
^ho ti?«a^ 30«f! of a wm^'^»s&^ target iM im (netoiwim 
of tiiot of ft ol«^l^ bound p«rtio].Oft In tM fimmlAticm we hesm 
mH^ to roplaoe tlM singlo-paTtiole wav9 ftinetioti W tiio many-
partlolo iiiiV9 ftaiotioii* fo IMI nore upooific^ In tlia ofi»e of 
Xlthlmi otoii («lii.olt iff « 3"«lootron 8;^t«a) tlie imm fmmtitm 
May iMi wrltton as 
Y/(r|»?2»»3> - '^ i<»t> »2^> %<^> <5.lO 
fhiff coirrospoiKlff to « aittuitlon in nhicli tbo ialovactlofi 
batifoon tho p«vtlol«s «f otgXootad aM tlia partlolaa ara 
dlatlngulaliaa lisr MNOIB of thair poaltlona, . 
100 
PM m pS^iw^n • l%(l^ >l • llTj^)! . (5.12) 
% < « > 
-(8Kt)//^(r)r(b,»)^ l a ^ . (5*15) 
Iiei!« '1^ 311 cmro paort i s ai!Bii«r' to tf» heUvoi atCM | 
Molifiiita •«rii«r* Fcr tiw i*sv9 Ainciticai %i^ «iiiii]jr-«X«otrm 
warn fawti«iii iK{.th ^mlmm mam* »f tli« «fftoti-w 
fluolttjor oUtvot (stvanft* I972}« for ^s^ m9mmm 
10.1 
Tim oroaii em%itm t&t tiMi dlrsot «xettati<m of tlit 
2» «* 2p tt&mitlmt fut lltWm nm INI odioul^td l^ rcw thi» 
SofiiiiAttdgtt of thQ QQatti^Dg wi^littidw for nil tiid thx<9e 
transiti^iiks ai •* 2p^ # 2© *^  2fL| « for «aEolt«tliat to thu 
^ ^ 8ta:te tm aoattorliig oaii^ XltuA^ vmiyiiMiii idontioaU^r* 
fh$» i s thft ficmse^tiemn of th» Qlaiil^r thooxi^ r t^ ior® g i» 
p«arp9iMtmtsc to IC|> th» dis^i^ioa of 1^ h9lm tito miff 
of q«cKtill«atioii for tito atoeio fm?m tmmtimmm fim 2» <• % | 
w^ltuaos oro not idftatleaX tsut aiffcr l3^ ii p&iao ficOti^ r 
W9 hKm OfiXoiiljittta t ^ total oro«« a^tican! for 
•Xoetiroii-Utliliii olAStio ooattiriiig ma& !mir» oo^psrod tlumi 
with tliat 1^ Boom iipproiciMfttioii anA «iso witli the naciHiriiitiitAl. 
iat« of F«eoX ot alt (19i2) (Fig« 5«5}# At low oiMW i^oo mt 
»«oiato wof iiimtimtt^ difforont tmm thsit of tho Boni 
ai0pitm$mmHm waA aro oXooo to tho •xpwriawstiii data* though 
lo ro' 
ENERGY (eV) 
Fiq. 5.3-Total cross section for the elastic scattering 
of electrons by lithium atom in its ground stater-
Present calculation; First Born approximation 
(Walters,l973); Glauber approximation 
(Walters.1973), (Dwithcore potential included, 
(2 )without including core potential j 
Experimental data (Perel et al., 1962), 
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Fiq 5.4~Total cross section for the resonance transition 
e" + Li (2s)—>L! (2p): — Present calculation, 
vainshtien approximation (Vainshtein et al-, 
1965); .close couplinq calculation (Burke and 
Taylor, I969)i First Born approximation 
(waiters,1973); Glauber approximation 
(Walters, I973)> Experimental data (Huqhes ana 
Hendrickson,i964) 
lOn 
aodsl (faia»)it9|» «t ^ . t 1965) una t!i» mKi^*m*i,vi73)'U the 
ir2i2.tor*9 c«:i(mXa:llcm tim t&toX exmB nmtlom p»m lim at 
ft highar enoxgy than that ohtaliMa 1^ us* Shi» two otonrets 
m^ ateoiit idoittioaX £it high &iiarsi(io« ?ht ®li,#it Hitfemme 
i^Qh w» nettt in thm^ two oalemlatida^ ini^ r IMI tma to tli» 
aiffureat ohoiooo of dtoolo imim jTiiiiBtloiiEs. ^ hn ogrsiemit 
hetw9*n thft cXo80-om^IifiS caloulationi using w&!m tmmtimm 
mm to mi&Q (1967> em the i^e<mt iNiealta m» oatiefa&toa^y* 
Wio also obBorv» that thi(» Bom caloaIiitio»B eiiro a 
isaiif^ h hlgh^ croo0 0eoti0» m Gtm^smtk to th@ <iX$m1sm thsoa^ 
@ifia tho «3cp@ri»»nttiX data at X09 ansreieoi hut at high 
mmrsieB th» Bom oalculationo storgv with tho remtlts of tho 
Qlanhor theorsr* fho inahlHty of a wtak ooi^liiig approxiiMitiow 
stioh ao the WM§ to teSm «tiooiiiit of tho ots^ng oouplixi^ hotif«e» 
tho initial. toA final otatoo of tho Tmrnmaum tvanoitKai io 
ohTiouff frtm tho nmf time** 
tho GlanlNfr at^voxiaatioo (withottt oKohango) io 
strictly Jttstifiod otfly at ^hi i^ oaorgioa*** At wtry low 
oatritioo (fif* 3A} tho ovoos oootionB from Olmibnt" thooiry 
tonA to fal l TKpidXy* io fi«A that ^ takiiig into oomidoratioii 
lOfi 
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ommm n 
mwtmtma 
l O S 
of Q%m3kimF timoxf to tlui soatttriitcs of aleetroass %^  ecm^y&x 
m%fmB m&k»Q th« d«aiiiiiti0» of oiross e#ctio» quit* eoetpUloiit«a 
m ttm maXtip'iMi'tf G£ ^vmiSrmtwm imammf^ ^ t h t ^ iiic2*iiaif» 
in ttm nuBibar of target mMCttTmam fo m$»^%l^ tm peohX<m 
we hek'm w»&% eflrtaia approaeinatiom #iieh do moUt Asaeiitially 
0haii^ the %a8io struottire of the thiss^ wa& in %H^ nnr th» 
prol)i«ia of BOG^ttevim of ols&trons %Qr ooBpios atoos li«s be«]i 
coutti^ara^ly simplitiQ^^* fMa n t^lxoa liaa 2NI#!| mppH^ to 
tiMi ooso of eiaotio olootxtnt-lieiiwi sodtt«ri% m& oln^tio 
J^on t!M> rvoiata of o].«otx*a9i-lMi3Jliii •iastio soAtttriag 
i t i s imm& titat at low moaoatuBi tromf«r our r@au2.t8 93m in 
Glom iglNittMMit with that of WroimQ*9 iiSffO} ealo^istioii* 1 ^ 
I1S0& th« mnnO. OlmtlMKr s^T<mimmtl9at* lfor«ovie» tho riMiiats 
asm in b»tt«r agroesont with mepes^ixms^ mt hi|^ niactroii 
•ii«rgi«» nMoh i« fldlso •xp«ot«d f^ oM tb« 81iiiib«? thooxy* 
IQMI innntltB of th» pamssivt oaloulfttioiMi for o^Li 
•ioitio ooattoriii^ r«vwa that tht^ r «ro in mproofMiiit ivith th« 
oalotaatioiMi of Mathnr ot •!• (1S7f) «ii^ii^t»a (1975)* i t 
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low •nsTf i«8 mt mxpv^ &&%» oloeer to th» m^pmtimmti^eX 
poiist9 ant at Mi^ #iiiKrified «it!i Bmi a|^ i»dUMif(i<i»» 
«i» torn aieo i}3ct9ii&«d tho p3r«ifi«nf» iMthoft for tim 
limlmtiQ 0imitrmk-Sktmk m^kt-tmitm* thia is im3.i<A for 
ooi^eae B^WIB hsmm @in!s3^  i^^acso @iloetafoii@« fim validity 
<^  this g^'^M hm boom t0at4»a by d^culating tfm t o t ^ 
ovfKiw Dootion fear the 2s *• ap resoaoiioo troceitioa of 
•leotiro«'Iit}iii» «K6O» soattwii^, Our rounlts giim # 
3?oa0oiimMy good Aoeorifitioii of tho :r«iaoaaiio« treineition in 
tti m it giinss a arms motlen pQeik iiltich in oloir«r to tiio 
ov^d ttootioii p»a3e that lia» boo!i ot^talnod £%*on «3eporl»o!tt« 
fiii« miy !)• ^m to ttM faot that the ooro •lootrm-offoot 
has Qiao hmn eomi^wt^ in t!»i thei^ ry* Silt our rtstilta 
to»ft to ftiil «l IDir enorgio^ «» i t i s impootta ftim &%jmtmr 
theory* MoaNiovwrf wo hair« mtglootoa oxohastS* ^Pf«ot which 
i» i^^orton^ at low oiiergio@« fho p^aost wvtlio^ o«a ho 
iKKtoniod ftxrthoar fo:r siocro oom l^ox teofgots* Xn thJUi 0jii90 tho 
ohoripi doasity nay ho oaloalnted hy fhoBUi^ -ftxiii otatiotioail 
«oati» 
m fifMaiy eoholiido thAt th* pgemwfii theory i« 
rolfttivoly six^le anA i t i s stiooooiifully appliod to tho 
«tan 0Oiitterlng« fvaetmr^ UP nop^ thut i t omM h» mmit^ 
ni^IidS to uttieiy tbs soattcring of mleotroiKi ^ ia<»«o 
0011^ :1^  titmm* 
11 
I l l 
WBfmSSSKiM 
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Mtm% P^Ump 8gi& S£ab@31 t^ d«» 19STt TfffSQm ] ^ ^ * I^i t |£ t i39« 
Bates* B»Rtt t96$St **At<Mi0 and ^^.eonloir BroetAB^e** 
B(id9V8oaf B#t onS Kl«ffert Xi*^ *f 1971» HOT* Mod* Fli3»i*tj^«60l« 
Bvllt X,£. , t96$, :^oe. B ^ , ei>6«, JH, 24iS* 
Bftbit* a*t t95Qi Mxeu inmi»:*$ I t 525t 
BttnOiftif X»t ana $liofi!|« it.Sft« 19711 Bis^, E«v» £«tt»i^9 757* 
BoiiTt 9 , , Idf^t BilX. Ifiig** Mt to* 
""•«"•"•'•""•""••# l9S26ti» S» B ^ * , ^ i 0O5» 
lla$«lf li«J&«f«» iui^  03!^% G.v.t t998« Wrm* Phs^, SDo«i2it551» 
Bc^f S.iT.ll.t 1939t P^s^ oo* Misv* SOG«f y^^jSgg. 
IroolgMii* !t«T«t f i t « | y«li«t aaA n^yamhmtf l«a«» I9589 Bi^«. 
It«v«i JJ^t 1197* 
anuMNltiit B«H*| aiiA MeXMt ^'S^O** 19$ift l>roo* ?liye* S o o , , 
BroMlNncs* ^«l^», f969t 1« CIIMI* flQfs.t j ^ # 5906« 
IttUUsra, s«o . t Mfii mmmr* n^BmW^^ 1951 # farao. x<i7 Soo,» 
^ .1?S» 6!!97« 
lor lw t P,a»t aelMiy* %ii«t «na AiitUt X.« 1965* itiar*. K«v* 
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Snrlfiit l^ *&»f aaft tafliMr. AU«ff t9$9| 4^ * l^ tsm* B; item. 
IQjfrmif 9»Vf t ttaft iTtttt&liiililt C«^«| f9?5ff B ^ * iieir«i AJi»l26T* 
——'f I9f4t fl«3?»» Eoir.t J ^ » Z23% 
li«Z«9# I^xwMifp |q^* 941* 
4>»|lt»»l|«IHI IIIIIIIIM m i l W l i . *f f9T0# :^ iy»# B«^»» A^t 19S^« 
0111% y*f»t »^»A C^^n 3»t«p IS74af ! % » • Heir«« j ^ « a3<^f 
* — - t <IT41», I?fe3»» ll9V»t A<0> I15t» 
oiuk0«t B.ir«t I996« :^ )2riji» B«V,« , t^> 8$a« 
SliwkliMii @»4«f fiita llii^8«y« H»3*W»« 19!^| IFvoo, E^* Soe*t 
ig|£f SSI* 
tmtSmeiit x», I9?2« itiam* R«ir«y J[£|» 40* 
«—*—*» f9T0» 1?iJBr»« Hi¥. , .4J> 1705. 
* '"•'•"'•§ i97it thy»» R«v. i«%t«« £ i , lOie, 
•"•'" f 19T5f «H3r»» lltv,» ^ J i . a927. 
f i t « t Wtl»«f Mift imoioMitiit R«¥,| 1^8* !^Qni« ii«T»« | i ^ . i i 4 i . 
amp ^r . I , , aiid Mttctky J,9 1974f »)ty». ft«n» A IQ> $S2* 
Hi 
'*«' .I .»!»•>.ni l ">«mu,^ i9f0f tadMmAM Bti^«t M f *55« 
&lioeli# A.S»y SiiAift» pMf rniA BIi,ff»C^«» I9fl>« tT, filers • B i I^QO« 
Otoiil^ esrt U»^»p 15^9f »*3i^tiir0« i n Sli«i}aretioaX ffesf»io8*% 
»©w little)p pp. ?19, 
ai!7isinaMf M*t 1^9f B i ^ * nm^^ ^^p ^74* 
UoBtlro. ^ 9 Olii!i ^•0«t«» @tnd XsMhax^t f« t 1973f ^ 3 ^ * ReT*t 
A l t ^285* 
ila^3»i»» A*:&»» una iiolfiUoii» J»il.f 1^2* i^ hjw* I I«T« | ^ » 59« 
fttghtte, E«1^t iSEQH HiiiilrldlcKOiit ^•^•9 19S4» ^* Opt* S<siO» Aii»» 
Xaokutit ll«t wtiai Ki«iaM« Y«» 1969f !%»• R«Y«f JM* 1 ^ * 
Xi«ti»iU** w^x,^ oit^ v»R«y aaai f i t ^ t v*i;,t 1970t filiy**! 
^•^•f AAf ^*^« 
Khaar»» ^^y^t 19S5* 9r«o* Thy** Sod.y ^ ^ 29* 
n 
Khar«f S*F*» 1970t J* ft^rs* It t #.%<»« Moliic* Wim*f ^^ 9T1 
•tt965f troc. P I ^ . Soo»t M * ®2I» 
Idmr^f a«F»t «i»^ ShoMi»t ^#t 190^0 l^l^« Ijvtt*, J i t ^ t « 
>*•»•" ' » • " tfg70» |*yS» ^ t t » f .^ t rA* 57t» 
<MWIIII*|WW «I"M i"»m» »l9711»t AlTHtTnotfi i»f p&p&m Df ilia t U t l i Xti6«r&atimii2, 
liii3MiIm» R*W«t and QaiSlaiiB r^f J«y 1969f Biys* ^»ir«t , ^ « 91« 
Xdttf ^.W** mA Sttithf V«a»» 19Dp J« I>lipe« B S Atoa Moloo, 
UailUm$ !t»lV»t ITT^f l^ bsti* lt«ir»» JJt l t 196S« 
XiMNM^^  8*8«t»t AHA Bnrhopt £•».§«. I99t . "miiotronio «iii 
KiMMgrt a«8«»*, JBturliop* l«a»$*» an^ GUbody* Ii,B*t 1969* 
• » l fyt , yiiQ »^ « • • . , i^jj, T46» 
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Mmmtaah i»f(h£mtmm^ ?«t Hax» li*t»t ^ O M « 0 « | wni 
l^ii3nrQm» ll«t t9Si7» Bfoo. nmm Soo*» A?0« 460* 
lldi0«ifiltsciht M*%0t t96?# ^00* IKogr. i^oo*, AMi* ^^'^ 
mUiii^tmh^ B.3^ »« mia ^tiilif a,J«, 19^^ lie«r» Hod, mm** 
Itottt lf.9.f ana S^a#y. H,S*W», in% ^•fim flmovy &i AtmAe 
0|»p&n^lner» ^^ntt l9Sl@t Fti^* Kiiir*^  Jig, 96t» 
^axAlag, X»«i ant 9U«mit S«B«t I99ll» •^Ists^odnetioii to 
Book Om^mss'f ZIK?* IKiiv toxrle «»$ tmAmf^ |^«f79* 
f«r«l» J* lnglfi»lttr« F.g mia l»4or«ioiit B«» I9$2« !»!)$»• E9ir«t 
"^f %9St%% Asm* <3fiEr« lQi3r»ilE»ff M» ^ * 
«pn«MIIMINN«M 
SMfigtp ll«!I.H«, 19$5» firoe« ?li|»* Soo.t flJLt 76?« 
VSea. i (Hiw t<i(r3et HBOvwr mH)f pp» 480* 
1 1 7 
ftiif H»« fetitexr* F«^«f »»& Biiisi»lt E«E»» 19&9iif l*l^« 
'm ,.i>...iip I969%»f t h ^ * R«v, ^ t t#» ^ 455# 
fhy*. E«v«, l i t fifl' 
7emM% i)«» 19^t lt!^« B«Y«t HSU ^^^» 
fttnasTf i^ ** flS)^ late@, j .^Q,« 197S, Ch«^ miQrs. I#tt»t £U524« 
Wiimm»t B«E«p agil Obsiif ?*?»# 19?3f tUsrs* llw*f Jggt 25S!» 
MlpafMf A#lt«ff MattsUTf K*0»« « ^ SmMt 3*K*t 19?5« ^* 0:i«», 
Sovl#t, Fii|rs»-<ilTOP«f ^m 154S« 
»mi9t km* - ^«EP.» i s , I5«5* 
Wi«!ifi« l>*t Kii3wlt» 0»i«« final mtXesantliy i*l*t I96S* Hiyii. 
«alt«r», E«E«#«, 1979, <r, S^ i^ rii* £ t Anew ttol«o* l*lii3W»f ^t005< 
iteiMt A»t.> 1963» iUltVop!);^ *^. JT.f Jd^, 1262. 
l is 
WiXUmm, x;.6«» %9$% A^etractttt (xf m^tam 6tli mwm» 
Wmtem Oi«I*7* Ihemmy^ ppm 73% 
fi2it«r9* K*%t QtMKxfk^ 0#l>«, Brttaodtiie B«a*f aaA a&?.«9Miti« 
«f«t»s 1975* «r« W3^^ B I Men* Hoieo* mm»9 S>f 
m^ f»t«i 1960» Oim* .r» Bi$«*, ^ 16$4» 
J? 
tat©0» A»0»> aaa 5?eiTO»rf * • > ^ 5 ^ 2 % 1 H ^ » Kcv» 4 J | , 2474« 
•'Mi.imni..i.| fS72tef :PJ?3(«»» Riiv», ,^_fm 1 4 5 1 . 
